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© INVERTER-CONTROLLED APPARATUS FOR CARRYING AND MEASURING ARTICLES. 



© A carrier unit (3) which carries articles (W) to be 
° measured is driven by an AC motor (M2). An in- 
Q. verier (20) supplies the AC motor (M2) with a signal 
UJ having a set frequency to drive the carrier unit (3) at 



a predetermined speed. A measuring unit (4) is 
provided in the way of the carrier unit (3) to measure 
the properties of the article (W). 
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[Technical Field] 

This invention relates to an inverter controlled 
conveying/measuring apparatus and, more particu- 
larly, it relates to an inverter controlled 
conveying/weighing apparatus of the type which is 
suitably applicable to a weighing/sorting machine 
capable of automatically weighing objects while 
conveying them and sorting them depending on 
the weight data obtained for the objects. 

[Background Art] 

As well known, there are systems for used in 
various production lines incorporating 
weighing/sorting machines (so called auto-checker) 
for automatically weighing objects (works) while 
they are being conveyed and sorting them depend- 
ing on the weight data obtained for the objects. 

Some of the basic requirements for such sys- 
tems include high speed, enhanced accuracy and 
improved reliability. 

A weighing/sorting machine of the type as de- 
scribed above normally comprises as principal 
components a number of conveyors including a 
feeding conveyor, a weighing conveyor and a sor- 
ting conveyor. These conveyors are required to 
have a reduced size, durability, a high torque and 
stability particularly in terms of the conveyor 
drive/control system including the motor in order to 
meet the above requirements for the machine. 

It is a recognized fact that any conveyors of 
conventional weighing/sorting machines do not sat- 
isfy the above requirements. 

Some of the reasons for this are discussed 
below. 

Fig. 36A of the accompanying drawings illus- 
trates the configuration of a conventional 
weighing/sorting machine, where reference numeral 
1 denotes a feeding conveyor driven by motor Ml 
at a given speed to move the objects placed on it 
at a required rate under the control of a control unit 
2. 

Reference numeral 3 denotes a weighing con- 
veyor for weighing one by one the objects W fed in 
by the feeding conveyor 1 while they are moved 
further on, said conveyor being also driven by a 
given speed by motor M2 to move the objects on it 
at a required rate under the control of a control unit 
5. 

Reference numeral 6 denotes a sensor for de- 
tecting object W being transferred to the weighing 
conveyor 3 and reference numeral 7 denotes a 
sorter circuit for assigning the otfect W to a spe- 
cific group of objects by transmitting a sorting 
signal after the elapse of a given period of time 
since the object is completely transferred to the 
weighing conveyor 3 or a period of time required to 



obtain a stabilized weight signal for the object. 

Reference numeral 8 denotes a sorting con- 
veyor for assigning the object W coming from the 
weighing conveyor a specific route corresponding 

5 to the sorting signal given to it and causing it to be 
moved away by a guide device 9 which is operated 
in accordance with the sorting signal. For instance, 
the weighed objects W may be divided into three 
different groups and collected at the ends of three 

10 different routes. 

Like the two other conveyors, the sorting con- 
veyor 8 is driven by motor M3 at a given speed to 
moving the objects on it at a required rate under 
the control of a control unit 10. 

ts The three motors Ml, M2 and M3 to be used 
for diving the respective conveyors are single- 
phase induction-type brushless motors that can be 
realized in small dimensions and withstand continu- 
ous operation for a prolonged period of time. The 

20 rotary speed of the motors Ml, M2 and M3 can be 
modified by changing the level of the voltage of 
power applied to them by means of the respective 
control units 2, 5 and 10. 

The three conveyors are normally operated at 

25 a same speed with a view to minimize the vibration 
that may be generated in the machine to adversely 
affect the operation of the weighing conveyor 3 as 
well as the time required for it to receive an object 
and weigh it 

30 Therefore, the object which is brought to the 
feeding conveyor 1 is moved at a predetermined 
constant speed to the weighing conveyor, weighed 
there and then sorted by weight while it is moved 
away from the location of weighing. 

35 The object transferred from the weighing con- 
veyor 3 to the sorting conveyor 8 is guided to its 
proper takeout position by the sorting signal gen- 
erated for it and then further moved away to the 
next stage of the production line. 

40 However, a weighing/sorting machine of the 
type as described above comprising a plurality of 
conveyors that need to be so controlled as to 
operate at a same speed is accompanied by a 
problem that all the conveyors have to be adjusted 

45 for speed whenever the machine has to deal with 
objects of a type which is different from the pre- 
viously dealt ones. 

As a solutio n to this problen ^jnjdenti c aJ con- - 

trol signal may be giv en to each of the control units 
so ^~2T5 and 10 in order to collectively control the 
— moving speed of the conveyors by applying an 



"fcienticai voltage to all the motors Ml, M2 and M3. 
— ~ But, such a solution is not at ail effective when the 
~ motors have different operational features including 
55 th transmission qft*r_rafff)g nr when the loads 
appli d to foff flntirp manhing fry the conveyors are 
significantly digBCBPt fromono a naEbgL— 



A control unit of the type as described above 
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for controlling the speed of operation of the con- 
veyors by varying jte_voJ^es^rJ§d_to Jt^^ 
motors normally requires laborat efforts to finely 
control the speed. Otherwise the m tors would not 
be operated at an exactly same and identical 
speed. 

The rate of sorting and hence the speed of the 
conveyors of a weighing/sorting machine of the 
type as described above have to be reduced if it 
has a long distance for the objects to be conveyed 
for sorting. However, a weighing/sorting machine 
whose speed of the conveyors is controlled by 
varying the voltage applied to them is accom- 
panied by a problem of reduced torque of each of 
the motors Ml. M2 and M3 when the voltage ap- 
plied to it is reduced to lower the speed of the 
conveyor for which it is responsible, a problem that 
arises when sorting heavy articles. 

Now, electric motors are used not only for 
conveyors of the type as described above but also 
for those installed in production lines for purposes 
other than weighing/sorting, for instance for quality 
examination. 

Currently, single-phase induction motors domi- 
nate these applications because they do not in- 
volve brush friction and heat generation as DC 
motors dc. 

Fig. 36B of the accompanying drawings shows 
the configuration of a conventional control unit for 
controlling a single-phase induction motor. 

This single-phase induction motor 11 
(hereinafter referred to simply as motor) is so de- 
signed as to rotate rotor 12 by applying two AC 
voltages with a same level but phases differen- 
tiated by 90 degrees respectively to first and sec- 
ond coils L1 and L2 (CO donating a capacitor for 
phase differentiation) so that generator 13 gen- 
erates AC signals in synchronism with the rotation 
of the rotor 12. 

Motor control unit 110 converts the AC signal 
from the generator 13 of the motor 11 into a DC 
voltage signal by means of a rectifier circuit 111 
and compares the voltage with a control voltage 
transmitted from a variable resistor 112 for speed 
control by using a comparison/control circuit 113. 

The signal representing the result of the com- 
parison is sent to a thyristor 114 arranged between 
the commercial power source 115 and the motor 
11 to adjust the voltage of the AC power source 
115 so that the two voltages applied to the 
comparison/control circuit 113 become equal rela- 
tive to each other. 

Thus, the voltag of the commercial power 
source is increased by raising the level of the 
control voltage through the use of the variable 
resistor 1 12 for setting the motor speed to augment 
the rat of rotation of the motor 1 1 . Conversely, the 
voltage of the commercial power source is de- 



creased by reducing the level of the control voltage 
through the use of the variable resistor 1 12 to lower 
the rate of rotati n of the m tor 11 . In this way. th 
motor speed can b appropriately control! d. 

5 However, with such an arrangement of the con* 
trol unit of the motor, since the voltage of the 
commercial power source has to be lowered to 
reduce the torque of the motor, is accordingly 
reduced whenever a low rate of rotation of the 

w motor 11 is needed, the motor cannot exert a high 
torque at low speed and the conveyor driven by 
the motor inevitably falls short of the power it 
needs. 

Besides, because of the fact that the motor 

75 speed is controlled by means of the AC voltage of 
the generator 13, whose output does not linearly 
change, the motor speed itself is subject to fluc- 
tuations. This brings forth a serious problem par- 
ticularly when more than two motors are to be 

20 controlled to run at an identical speed. 

ft should be noted that this is a fatal and 
inescapable problem for a so-called speed-con- 
trolled (variable speed) motor. 

While the use of a three-phase motor may 

25 provide a solution for this problem, it is accom- 
panied by a problem of bulkiness when compared 
with a single-phase 100 V motor as a three-phase 
motor is normally designed for use with a 200 V 
commercial power source. 

30 Moreover, a DC motor does not meet the re- 
quirement of durability because a brush is always 
used there. 

As discussed above, whenever an induction 
motor is controlled for its rotary speed by varying 

35 the voltage of the commercial power source used 
for ft, the torque of the motor is always subject to 
change and, therefore, the rate of rotation of the 
motor cannot be varied to a considerable extent 
without causing the torque problem. 

40 Fig. 36C shows how a technique of converting 
the electricity of the commercial power source 201 
into AC having a desired frequency by means of an 
inverter 203 is used before the power is applied to 
a load circuit 202 including an induction motor in 

45 order to bypass this problem. 

The inverter 203 comprises a rectifier circuit 
204 for converting the AC voltage of the commer- 
cial power source into the DC voltage, a modulator 
circuit 205 for modulating the DC voltage by a 

sa given frequency (pulse width and pulse number 
modulation) and a frequency controller 206 for gen- 
erating a frequency specifying signal so that the 
frequency of the power source may be modified 
within a given range (several Herz to several hun- 

55 dreds Herz) before the power from the power 
source is applied to the load circuit 202. 

If, how ver, the frequency of the power source 
is carelessly reduced by means of an inverter 
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before the power is applied to the inductive toad 
circuit including an AC motor, the level of the 
electric current running through the load circuit is 
remarkably raised to give rise to an increased 
possibility of accidental fire due to a heated and 
scorched coil. 

An inverter used to drive a motor is provided 
with a frequency controller for variably specifying a 
frequency for the power source to determine the 
rate of rotation of the motor. 

Fig. 36D is a block diagram of a conventional 
variable frequency type inverter 301 . 

In the block diagram, reference numeral 302 
denotes a frequency controller that converts the 
level of an output voltage of potentiometer 303 into 
a corresponding digital value by means of an AD 
converter 304. 

Also, reference numeral 305 denotes an AC 
conversion circuit for converting the AC from the 
commercial power source into an AC having a 
frequency corresponding to the signal transmitted 
from the AD converter 304 so that the AC from the 
commercial power source is once converted into 
DC, which is then further converted into AC by 
means of a switching circuit 307 that continuously 
switches the polarity of the DC with the specified 
frequency in order to drive a load circuit 309 with 
AC power. 

Reference numeral 308 denotes a switching 
control circuit for controlling the switching circuit 
307 according to the digital value transmitted from 
the AD converter 304. For instance, it sends out to 
the switching circuit 307 a signal having a pulse 
width that varies to form a sinusoidal wave at a 
frequency corresponding to the digital value in or- 
der to continuously switch the polarity of the DC 
and to drive the load circuit 309 by AC. 

With such an arrangement, the AC power ap- 
plied to the load circuit 309 be made to vary 
according to the output voitage of the potentiom- 
eter 303 of the frequency controller 302, which is 
externally controllable. 

However, an inverter as described above for 
controlling the frequency of the power applied to 
the load circuit by controlling the voltage does not 
operate satisfactorily with a desired level of accu- 
racy because variations that appear in the voltage 
and the temperature are considerable. 

Particularly when more than two load circuits 
are synchronously driven by more than two invert- 
ers, tremendous efforts are normally required for 
synchronization of the involved frequencies. 

Additionally, as th AC motor to be driven by 
an inverter is a three-phase motor, the inverter 
should comprise as a matter of course a three- 
phase motor driving inverter control system. These 
and other probl ms have so far considerably hin- 
dered the use of three-phase motor driving control 



systems comprising inverters for weighing/sorting 
machines as described earlier practically unfeasi- 
bl . 

Modem production lines normally incorporate 
5 inspection systems for checking the weights of 
works and foreign objects mingled or mixed with 
the works somewhere on the conveyors they com- 
prises. 

Fig. 31 is a schematic illustration showing part 
ro of a production line incorporating such an inspec- 
tion system. 

In Fig. 31, reference numeral 401 denotes a 
feeding conveyor to be used for the inspection 
system. 

is Objects of inspection W being moved on the 
feeding conveyor 401 at a given constant speed 
with an identical spatial interval between any two 
successive objects are sequentially brought to an 
inspection conveyor 403 by way of an intermediate 

20 conveyor 402 and the objects that have been ex- 
amined on the inspection conveyor are forwarded 
one by one to the next stage of the production line. 

The inspection conveyor 403 has a length suffi- 
cient enough to carry out a weight check or a 

26 check for detecting foreign objects. If the feeding 
conveyor 401 bring in objects of inspection with an 
interval which is shorter than the length of the 
inspection conveyor 403, it means that two or more 
than two objects are found simultaneously on the 

30 feeding conveyor 401 and therefore the inspection 
can entail erroneous results. 

Conventionally, this problem is avoided by driv- 
ing both the intermediate conveyor 402 and the 
inspection conveyor 403 at a speed V2 faster than 

35 the speed VI of the feeding conveyor 401 to pro- 
vide a large interval between two successive ob- 
jects of inspection on the inspection conveyor and 
by equalizing the speed of the intermediate con- 
veyor 402 and the inspection conveyor 403 with a 

40 view to minimize the shock that might be given to 
the inspection conveyor 403 by the intermediate 
conveyor 402 when an object is transferred from 
the latter to the former. 

With such an arrangement, however, the object 

45 being transferred from the feeding conveyor 401 
moving at speed V1 to the intermediate conveyor 
402 running at speed V2 is inevitably subjected to 
an abrupt and large acceleration, causing any un- 
stable objects of inspection to fall and, in some 

so cases, the contents of the objects to be undesir- 
ably biased. 

Moreover, H the objects are realized in the form 
of a round rod and apt to roll on the conveyor, they 
cannot be put on the conveyors perpendicular to 

55 the direction of movement making the interval be- 
tween two successiv objects inevitably large to 
reduce the efficiency of inspection. 

In short, any conventional conv yors used for 
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w ighing/sorting machin s fall short f satisfying 
th requirements of reduced dimensions, durability, 
high torque, elevated stability and so on called for 
conveyor drive control systems using AC motors 
as sources of motive power. 5 

Consequently, a highly efficient highly accu- 
rate and highly reliable weighing/sorting machine or 
system cannot be established by using such con- 
ventional conveyors. 

10 

[Disclosure of Invention] 

In view of the above described circumstances, 
it is therefore the object of the present invention to 
provide an inverter controlled conveying/measuring is 
apparatus that satisfies the requirements of re- 
duced dimensions, durability high torque and ele- 
vated stability and consequently can play a vital 
role in realizing a highly efficient, highly accurate 
and highly reliable weighing/sorting machine or a 20 
system by using inverter control units for control- 
ling the operation of AC motors. 

According to a first aspect of the present in- 
vention, there is provided an inverter controlled 
conveying/measuring apparatus comprising con- 25 
veyor means for conveying an object to be mea- 
sured, an AC motor for driving the conveyor 
means, an inverter for controlling the speed of the 
conveyor means, to thereby provide a frequency 
conversion signal to the AC motor in response to a 30 
specified frequency and measuring means rpovid- 
ed in a conveying path of the conveyor means, so 
as to measure a certain attribute of the object 

According to a second aspect of the invention, 
there is provided an inverter controlled 35 
conveying/measuring apparatus comprising a feed- 
ing conveyor for serially sending in an object by 
means of the rotary force of an AC motor, a weigh- 
ing conveyor for moving the object by means of 
the rotary force of another AC motor and weighing 40 
the object during the movement thereof, and a 
sorting circuit for issuing a sorting signal according 
to the weight of the object, and a frequency con- 
verter for rectifying an AC power source having a 
predetermined frequency into a DC power source 45 
and supplying an AC power source having a de- 
sired frequency to the AC motors to thereby 
switching the DC power source, wherein a plurality 
of AC motors including the AC motors for driving 
the feeding conveyor and the weighing conveyor so 
are driven by AC currents having an identical fre- 
quency each other, to thereby utilize one or more 
than that of the frequency converter. 

According to a third aspect of the invention, 
there is provided an inverter controlled 55 
conveying/measuring apparatus comprising a plu- 
rality of conveyors driven by AC motors for con- 
veying an object means for measuring an attribute 



of the objects being conv y d. a plurality of invert- 
rs for respectively driving the AC motors with AC 
currents having frequencies according to applied 
signals, means for issuing speed specifying signals 
having the same rate of speed for the plurality of 
inverters; and means for modifying at least one of 
the speed specifying signals issued for the plurality 
of inverters so as to cause the speeds of the 
plurality of conveyors specified by the speed 
specifying signals to practically coincide one an- 
other. 

[Brief Description of Drawings] 

Fig. 1 is a diagram showing the configuration of 
a first embodiment of the invention; 
Fig. 2 is a block diagram showing some of the 
principal parts of the embodiment of Fig. 1; 
Fig. 3 is a circuit diagram of a part of Fig. 2; 
Fig. 4 is a block diagram of a part of Fig. 2; 
Rg. 5 is a graphic illustration showing 
waveforms of a signal to be used to operate the 
embodiment of Rg. 1; 

Rgs. 6A through 6C are diagrams showing alter- 
native configurations obtained by modifying that 
of Rg. 1; 

Rg. 7 is a block diagram showing the configura- 
tion of an inverter to be used for controlling the 
motors of the embodiment of Rg. 1 ; 
Rg. 8 is a circuit diagram of a principal area of 
the inverter of Rg. 7; 

Rgs. 9 and 10 are charts showing the data 
stored in advance in the principal area of Rg. 8; 
Rg. 11 is a circuit diagram of a principal area of 
the inverter of Rg. 7; 

Rg. 12 is a graphic illustration showing 
waveforms of a signal to be used to operate the 
inverter of Rg. 7; 

Rgs. 13 and 14 are diagrams showing principal 
areas of alternative configurations obtained by 
modifying that of Rg. 7; 

Rg. 15A is a diagram showing an alternative 
configuration obtained by modifying that of Rg. 
7; 

Rg. 15B is a block diagram of a part of the 
inverter of Rg. 15A; 

Rgs. 15C and 15D are graphics showing 
waveforms of two different signals to be used to 
operate the inverter of Rg. 15A; 
Rgs. 16A and 16B are diagrams of alternative 
configurations of a motor control system ob- 
tained by modifying that of the embodiment of 
Rg.1; 

Rg. 17 is a block diagram of an inverter of a 
motor control system that can be used for the 
embodiment of Rg. 1 ; 

Rgs. 18 and 19 are circuit diagrams of two 
principal areas of the motor control system of 
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Fig. 17; 

Rgs. 20 and 21 are graphics showing 
waveforms of two different signals to be used to 
operate the motor control system of Fig. 17; 
Fig. 22 is a block diagram of a principal area of 
a motor control system having a configuration 
similar to but different from that of the control 
system of Fig. 17; 

Fig. 23 is a block diagram showing the configu- 
ration of an inverter to be used for the embodi- 
ment of Fig. 1; 

Figs. 24 through 26 are block diagrams of alter- 
native configurations of an inverter obtained by 
modifying that of Rg. 23; 
Rg. 27A is a block diagram of the speed control 
section of an inverter to be used for the embodi- 
ment of Rg. 1; 

Rg. 27B is a collection of timing charts showing 
how the speed control section of Rg. 27A is 
operated; 

Rg. 27C is a block diagram of an alternative 
speed control section of the inverter of Rg. 27A; 
Rg. 27D is a collection of timing charts showing 
how the speed control section of Rg. 27C is 
operated; 

Rg. 28 is a diagram showing the configuration 
of a second embodiment of the invention; 
Rg. 29 is a collection of timing charts showing 
how the second embodiment of Rg. 28 is op- 
erated; 

Rg. 30 is a block diagram showing the configu- 
ration of a principal area of an apparatus ob- 
tained by modifying the embodiment of Rg. 28; 
Rg. 31 is a schematic illustration of a conven- 
tional production line; 

Rg. 32 is a graphic illustration showing how the 
speed of operation of the production line of Rg. 
31 is controlled; 

Rg. 33 is a diagram showing the configuration 
of third embodiment of the invention; 
Rg. 34 is a block diagram showing the configu- 
ration of a principal area of an apparatus ob- 
tained by modifying the embodiment of Rg. 33; 
Rgs. 35A and 35B are block diagrams showing 
the configurations of principal areas of apparatus 
obtained by modifying the embodiment of Rg. 
33; 

Rgs. 36A through 36D are diagrams showing 
the configuration of a conventional 
weighing/sorting machine and that of an inverter 
used for it; 

Rg. 37 is a diagram showing the configuration 
of the electric system of a first electromagnetic 
balance-type weighing apparatus applicable to 
any of the embodiments of the invention; 
Rg. 38 is a graphic illustration showing 
waveforms of a signal for operating the appara- 
tus of Rg. 37; 



Rg. 39 is a circuit diagram showing the configu- 
ration of a principal area of an apparatus ob- 
tained by modifying that of Rg. 37; 
Rg. 40 is a diagram showing th configuration 
s of a conventional electromagnetic balance-type 
weighing apparatus; 

Rg. 41 is a block diagram showing the configu- 
ration of the A/D converter used in the apparatus 
of Rg. 37; 

70 Rg. 42 is a collection of timing charts showing 
how the A/D converter of Rg. 41 is operated; 
Rg. 43 is a block diagram of a part of A/D 
converter obtained by modifying the corre- 
sponding part of the A/D converter of Rg. 37; 

is Rg. 44 is a block diagram of another alternative 
A/D converter obtained by modifying that of Rg. 
37; 

Rg. 45 is a block diagram of a still another 
alternative A/D converter obtained by modifying 

20 that of Rg. 37; 

Rg. 46 is a collection of timing charts showing 
how the A/D converter of Rg. 45 is operated; 
Rg. 47 is a sectional view of the mechanical 
system of a second electromagnetic balance- 

25 type weighing apparatus applicable to any of the 
embodiments of the invention; 
Rg. 48 is a sectionai view along IHI line of Rg. 
47; 

Rg. 49 Is a partially cut-out perspective view of 
30 the mechanical system of Rg. 47 with some 

components taken away and not shown; 

Rg. 50 is a partially cut-out perspective view 

similar to but different from that of Rg. 49; 

Rg. 51 is an enlarged sectional view of one of 
35 the ventilation pores of the mechanical system 

of Rg. 47; 

Rg. 52 is an enlarged sectional view the cable 
hole of the mechanical system of Rg. 47; 
Rg. 53 is a schematic plan view of the cover of 
40 the mechanical system of Rg. 47, showing how 
it is anchored; 

Rg. 54 is an enlarged sectionai view of a pack- 
ing piece to be used for the mechanical system 
of Rg. 47; 

45 Rg. 55 is a sectional view of a principal area of 
the load sensing section of the mechanical sys- 
tem of Rg. 47; 

Rgs. 56 and 57 are sectional views of one of the 
support pillars of the mechanical system of Rg. 

so 57, showing how the cable and the surrounding 
area are kept in a watertight condition; 
Rg. 58 is a schematic view of a conventional 
electromagnetic balance-type weighing appara- 
tus, illustrating its basic concept; and 

55 Rgs. 59 and 60 are schematic views of two 
similar but different conv nttonaJ electromagnet- 
ic balance-type weighing apparatus* illustrating 
their basic configurations. 
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[Best Mode of Carrying Out the Invention] 

Now, the present invention will be described in 
greater detail by referring to the accompanying 
drawings that illustrate preferred embodiments of 
the invention. 

Fig. 1 shows in diagram a first embodiment of 
the weighing/sorting machine according to the in- 
vention. The components which are similar to those 
of a conventional machine shown in Fig. 36A are 
indicated by identical reference numerals. 

In Rg. 1, reference numeral 20 denotes a fre- 
quency converter (inverter) that converts the fre- 
quency of AC from a commercial power source 15 
(e.g., 100V, fi = 50Hz) into a desired frequency f2 
and can replace the control units 2, 5 and 10 in 
Fig. 36 A. The frequency converter 20 has a con- 
figuration as shown in Rg. 2. 

In Rg. 2, reference 21 denotes a rectifier circuit 
for converting the AC voltage from a commercial 
power source into a DC voltage and 22 through 27 
denote so many switching circuits having an iden- 
tical configuration designed to be repeatedly turned 
on and off according to pulse-width modulated 
(PWM) signals 4>1 through <*>4 and switching sig- 
nals *a and 4>b in order to supply coils Lis and L2s 
of AC motors, e.g., single-phase induction type 
brushless motors, Ml through M4 with AC having a 
given frequency and a variable pulse width, al- 
though whose voltage is equal to the original DC. 

Rg. 3 is a circuit diagram of the switching 
circuit 22, where the opposite ends of each of 
serially connected switch pairs S1, S2 and S3, S4 
are respectively connected to the positive and neg- 
ative DC output terminals ( + ), (-) of the rectifier 
circuit 21. 

Each of the switches S1 through S4 is turned 
on by a "H" level signal and off by a "L" level 
signal. At a given instant a PWM signal <f>1 is sent 
to the switch S1, while another PWM signal <f>2 is 
sent to the switch S3. 

At the same instant, on the other hand, a 
switching signal <*>a is given to the switch S2, while 
a signal obtained by inverting the switching signal 
4>a by means of an inverter 1NV1 is given to the 
switch S4. 

The junction of the switches S1 and S2 and 
that of the switches S3 and S4 are connected to 
the opposite ends of the coil LI of the motor Ml. 

Each of the remaining switching circuits 23 
through 27 has a configuration exactly same as 
that of the switching circuit 22 as described above 
and is connected to the opposite ends of either the 
coil U or the coil L2 of one of the motors Ml 
through M3. 

PWM signal generator 28 has a configuration 
as shown in Rg. 4 and so that it transmits four- 
phase PWM signals <M through $4, each having a 



pulse width that varies to trace a sinusoidal wave, 
and switching signals <*>a and <frb with phases dif- 
ferentiated by 90* relative to each other in accor- 
dance with the output of the frequency specifier 37. 

5 In Rg. 4, reference numeral 29 denotes a 
mathematical operation circuit that integrates the 
data accumulated on the rate of conveying objects 
specified by the frequency specifier 37 for each 
received clock signal and transmits the obtained 

10 values as an address values sequentially to mem- 
ory circuits 31. 32, while transmitting switching 
signals $a, $b having phases differentiated by 90* 
relative to each other. 

Each of the memory circuits 31, 32 stores 

75 beforehand data on pulse width that varies as a 
sine function and those on pulse width that varies 
as a cosine function and generates pulse width 
data corresponding to the address value transmit- 
ted from the mathematical operation circuit 29. 

20 Reference numerals 33 and 34 denote pulse 
generators for generating pulses with duty ratios 
reflecting the data on pulse widths transmitted from 
the respective memory circuits 31 and 32. 

Reference numerals 35 and 36 denote switch- 

25 ing circuits designed to selectively forward the sig- 
nals coming from the pulse generators 33 and 34 
according to the switching signals <*>a and 4>t> hav- 
ing phases differentiated by 90* relative to each 
other which are transmitted from the mathematical 

30 operation circuit 29. They select signals 01 and $3 
when the switching signal they receive has level 
M L* and signals <t>2 and $r when the switching 
signal they receive has level "H". 

The mathematical operation circuit 29 so op- 

35 erates that, each time when address values given 
to the memory circuits 31, 32 have gone through 
the respective address regions, it generates switch- 
ing signals <j>a and 4>b to switch the switching 
circuits 35, 36 in such a manner that an alternately 

40 selected set of PWM signals are forwarded by the 
switching circuit 35 and 38. 

Thus, the PWM signal generator 28 generates 
and transmits PWM signals $1 through $4 and 
switching signals 6a and 4>b in a manner as illus- 

45 trated by the respective timing charts A through D 
of Rg. 5. While, for instance. PWM signal $1 is 
applied to the switching circuit 22 (for a period of 
time T1), the switch S4 is kept ON by a switching 
signal obtained by inverting the switching signal <f>a 

so so that the electric current running through the coil 
L1 of the motor Ml augments during the period T1 
to draw a sine curve as shown by chart G in Rg. 5. 

Then, while PWM signal <t>2 is applied to the 
switching circuit 22 (for a period of time T2), the 

55 switch S2 is kept ON by a switching signal <*>a so 
that the electric current running through the coil Li 
augments in th other way. 

It will be understood that, consequently, AC 
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having a frequency f2 = 1/(n + T2), which is deter- 
mined by the data on the rate of conveying ob- 
jects, runs through the coil L1 of the motor Ml. 
>^-Since PWM signals +3 and $4 are generated 
/with a delay equivalent to 90 9 relative to the cor- 
/ responding respective signals $1 and $2, AC hav- 
ing an identical frequency f2 but a phase differen- 
tiated by 90* relative to that of the AC for the coil 
L1 as illustrated in chart H of Fig. 5 runs through 
the coil L2 of the motor M4 to drive it with a rate of 
rotation equal to the frequency. 

The remaining motors M2 and M3 are also 
driven by ACs having a same frequency f2 so that, 
consequently, the feeding conveyor 1, the weighing 
conveyor 3 and the sorting conveyor 8 are driven 
at an identical speed determined by the data given 
to operate the apparatus. 

Therefore, the objects brought to the feeding 
conveyor 1 are moved at a given rate and then 
transferred to the weighing conveyor 3 that runs at 
the same rate without giving it any significant 
^shock. 

Each of the object put on the weighing con- 
veyor 3 is detected by a sensor 6 and, after the 
elapse of a period of time selected to allow the 
signal representing the weight of the object to 
stabilize, the object is classified by the sorting 
circuit 8 according to its weight Then, a sorting 
signal corresponding to the weight is generated 
and transmitted to the next stage. 

The object transferred from the weighing con- 
veyor 3 to the sorting conveyor 8 is then guided to 
a proper take-out position by means of a guide 
device 9 to be further conveyed to a succeeding 
V step of the production line (not shown). 
j|Tf the objects should be moved at a conskJer- 
/ ably low rate for sorting for some reason, for in- 
/ stance because of an oblong shape of the objects, 
/ a low and identical speed of the conveyors can be 
/ achieved by specifying a low frequency by means 
I of the frequency specifier 29 to realize short ad- 
dressing intervals for the memory circuits 31, 32 
and a large TI + T2 in order to reduce the fre- 
quency of the AC supplied to the coils L1 and L2 
of the motors Ml, M2 and M3. Since this control 
technique involves AC frequency control, the 
torque of each of the motors Ml, M2 and M3 
remains practically unaffected. 
While a sorting conveyor 8 is arranged down- 
stream to the weighing conveyor 3 in the above 
embodiment, it may be replaced by a shooter-type 
sorting device that receives the objects coming 
from the w ighing conveyor 3 by a slop and then 
leads them to different courses according to th 
sorting signal transmitted for each of them. 

The frequency converter 20 of the above em- 
bodiment for controlling the motors to operate at a 
same speed may be replaced by three frequency 



converters, each controlling a motor according to a 
same frequency specifying signal given to all the 
converters simultaneously so that ail the motors 
may run at a sam speed. 

5 While the frequency converter 20 of the above 
embodiment is so designed as to perform pulse 
width modulation in order to supply AC current 
having a sinusoidal waveform to the coils, a fre- 
quency converter of the pulse frequency modula- 

70 tion type or the pulse amplitude modulation type 
may be alternatively used. 

A weighing/sorting machine incorporating the 
first embodiment of the present invention uses a 
frequency converter (inverter) to generate AC with 

75 a desired frequency in order to feed a plurality of 
motors and therefore it can equalize the speed of 
the feeding conveyor and that of the weighing 
conveyor altnr fo Q ?pftftgL without requiring 

intricate control operations. — 

20 c Moreover, since it is free from reduction torque 
at the time of low speed operation, heavy or long 
objects may be handled for conveying and sorting 
without difficulty. 

The first embodiment of the invention may be 

25 so modified as to eliminate the feeding conveyor 1 
and to have a configuration as illustrated in Fig. 6A 
Again, the modified embodiment of Fig. 6A 
may be so modified as to eliminate the weighing 
instrument 4 or to replace the weighing instrument 

30 4 with a metal detector MD (using, in this case, the 
weighing conveyor as a feeding conveyor). 

The first embodiment may have an alternative 
configuration as illustrated in Fig. 6C, where a 
triangularly arranged endless chain or belt 16 is 

35 used to carry objects W, which are weighed by a 
weighing instrument 4 on the way of being con- 
veyed. Reference numeral M in Fig. 4C denotes a 
motor, while reference numeral 17 denotes fixed 
members. 

40 Now, the motor control system using a fre- 
quency converter (inverter) 20 for driving and con- 
trolling the first embodiment of the 
conveying/measuring apparatus of the invention 
comprising motors Ml, M2 and M3 and conveyors 

45 1, 3, 8 will be described. 

In Fig. 7 showing the configuration of the motor 
control system which is generally indicated by ref- 
erence numerals 120, 121 denotes a rectifier circuit 
for converting the AC from a commercial power 

so source 115 (e.g. ( 50 Hz, 100 V) into DC, reference 
numeral 122 denotes a clock signal generator for 
generating clock signals in response to trigger sig- 
nals applied thereto externally, 123 denotes a 
PWM signal generating circuit for generating four- 

55 phase PWM signals £1, $2, $3 and $4 with dif- 
ferent timings in response to clock signals applied 
thereto and switching signals 4>a and $b with 
phases differentiated by 90* relative to each other. 
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The PWM signal generating circuit 123 typi- 
cally has a configuration as shown in Fig. 8. 

In Fig. 8, reference numeral 124 denotes a 
frequency divid r for dividing the frequency of the 
clock signal by N, reference numeral 125 denotes 
a n + 1-bit address counter for counting the number 
of the quotient-frequency signals transmitted from 
the frequency divider 124. 

Reference numeral 126 denotes a first memory 
circuit having an n-bit address space. 

This first memory circuit 126 stores pulse width 
data WO through W2n-1, each of which is ex- 
pressed in terms of B*sin(A*w/2 n ), where A is an 
address value (A=0-2 n -1) and B is a constant 

Reference numeral 127 (Fig. 8) denotes a 
down-counter that decrements by "1" the initial 
value of the pulse width data W read out from the 
first memory circuit 126 each time it receives a 
clock signal by way of an- AND-circuit 128 and 
transmits a reset signal to a flip-flop 129 whenever 
it reads count "0". 

The flip-flop 129 sets its output Q to level "H" 
at the rising edge of a quotient-frequency signal to 
open the gate of the AND-circuit 128 and allow a 
clock signal to enter the down-counter 127. 

Thus, whenever a quotient-frequency signal 
shows its rising edge, the address value for the 
first memory circuit 126 is incremented by "1" and 
a pulse width data corresponding to the address 
value A is set in the down-counter 127 to initiate an 
operation of counting down the clock signal by way 
of the AND-circuit 128 so that the flip flop 129 
becomes reset when a number of clock signals is 
equal to the pulse-width data W have been re- 
ceived by it. 

As a result, the flip-flop 129 sends out from its 
output terminal Q a PWM signal whose pulses are 
synchronized with the corresponding rising edges 
of the quotient-frequency signals and have widths 
defined by the corresponding pulse width data W. 

Reference numeral 130 denotes a switching 
circuit that transmits the output of every (n + 1)ah 
bit of the address counter 125 as a switching signal 
*a so that a PWM signal is transmitted from termi- 
nal 130a whenever the level of the switching signal 
♦a is "L* and from terminal 130b whenever the 
level of the switching signal <f>a is "H". The terminal 
disconnected from the output terminal of the flip- 
flop 129 is automatically turned to level "L". 

Reference numeral 131 denotes a second 
memory circuit having an n-bit address space as 
the first memory circuit 126. 

This second memory circuit 131 stores pulse 
width data KO through K2n-1, each of which is 
expressed in terms of the absolute value of B*cos- 
(A'^n) as illustrated in Fig. 10. 

Reference numeral 132 (Fig. 8) denotes a 
down-counter that decrements by "1" the initial 
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value of the pulse width data K read out from the 
second memory circuit 131 each time it receiv s a 
clock signal by way of an AND-circuit 133 and 
transmits a reset signal to a flip-flop 134 whenever 

s it reads count "0". 

The flip-flop 134 sets its output Q to level "H" 
at the rising edge of a quotient-frequency signal to 
open the gate of the AND-circuit 133 and allow a 
clock signal to enter the down-counter 132. 

10 As a result, the flip-flop 134 sends out from its 
output terminal Q a PWM signal whose pulses are 
synchronized with the corresponding rising edges 
of the quotient-frequency signals and have widths 
defined by the corresponding pulse width data K 

is stored in the second memory circuit 131. 

Reference numeral 135 denotes a flip-flop that 
latches the level of the output $a of the (n + 1 )th bit 
synchronously with the rising edge of the output of 
the nth bit of the address counter 125 and its 

20 output Q is sent out as a switching signal <*>b 
having a phase delayed by 90* from that of the 
switching signal <f>a. 

The switching circuit 136 lets a PWM signal 
goes through the output terminal 136a when the 

25 switching signal <t>b from the flip-flop 135 shows 
level and through the output terminal 136b 
when the switching signal 0b shows level "H". 

The two sets of PWM signals ($1, 4*2) and ($3, 
4*4) coming from the respective switching circuit 

30 130 and 136 and the switching signals <*>a, <f>b are 
sent to first and second drive circuit 140 and 150 
respectively as illustrated in Fig. 7. 

Both of the two drive circuits have a configura- 
tion as shown in Fig. 1 1 . 

35 Referring to Fig. 11, it shows that reference 
numerals 141 through 144 (151 through 154) de- 
note so many switching circuit comprising respec- 
tively photocouplers 141a through 144a (151a 
through 154a), driving transistors 141b through 

40 144b (151b through 154b) and protector diodes D1 
through D4 and that currently the switching circuit 
141 (151) has received a PWM signal 4>1 ($3) and 
the switching circuit 142 (152) has received a 
switching signal 4>a ($b). 

45 It also shows that currently a PWM signal 4>2 
(<t>4) has been sent to the switching circuit 143 
(153) and a switching signal $a (4>b) has been 
inverted by the inverter 145 and sent to the switch- 
ing circuit 144(154). 

so The switching circuits 141, 142 (151, 152) are 
serially connected to a DC power source, or recti- 
fier circuit 121, and a terminal of a first coil 161 (a 
second coil 162) of motor 160 is connected to the 
junction of the two switching circuits. 

55 Similarly, the other terminal of the first coil 161 
(the second coil 162) is connected to the junction 
of the two switching circuits 143, 144 (153, 154) 
which are also serially connected to the DC power 
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source. 

The motor control system 120 as illustrated in 
Fig. 7 operates in the following manner. 

When the clock generator 122 generates and 
transmits a dock signal having a frequency Fc 
specified by an external frequency specifying sig- 
nal to the PWM signal generating circuit 123, the 
frequency of the clock signal is divided by N by 
the frequency divider 124 and a quotient-frequency 
signal having a frequency of Fc/N as shown by 
chart A of Fig. 12 is transmitted to the address 
counter 125. 

The address value A of the address counter 
125 is incremented by "1 a each time it receives a 
pulse of the quotient-frequency signal and causes 
the first memory circuit 126 to sequentially transmit 
pulse width data WO through W2n-1 so that, during 
the period (T1) where the switching signal $a (chart 
B of Fig. 12) for the (n + 1)th bit of the address 
counter 125 remains at level "L n , a PWM signal $1 
is transmitted as shown by chart C of Fig. 12, 
whereas, during the period (T2) where the switch- 
ing signal *a keeps level "H", another PWM signal 
$2 is transmitted as shown by chart D of Fig. 12 
(n = T2=2 2 *N^c). 

Since the switching circuit 144 is kept ON by 
an inverted signal of the switching signal <#>a during 
the period T1. the first coil 161 of the motor 160 
receives a DC that increases to draw a sinusoidal 
curve as illustrated in chart E of Fig. 12. 

During the period T2, on the other hand, the 
DC running through the first coil 161 decreases to 
further follow the sinusoidal curve as a PWM signal 
$2 is sent to the switching circuit 143 of the first 
drive circuit 140 so that the switching circuit 142 is 
kept ON by a switching signal <#>a. 

In this manner, an AC with a given frequency is 
caused to run through the first coil by the PWM 
signals <f>1, <#>2 and the switching signals <f>a, <*>b. It 
may be need-less to say that the electric current 
running through the first coil 161 draws a sinusoidal 
curve having a period of T1 +T2 (=2 n+t *N/Fc). 

Similarly, the second memory circuit 131 also 
sequentially transmits pulse width data K0 through 
K2n-1 in response to the address value A of the 
address counter. However, it should be noted that, 
since the switching signal <£b has a phase delayed 
by 90* relative to the switching signal $a as shown 
by chart F of Fig. 12, a PWM signal with pulse 
widths that correspond to the upper half of the 
pulse width data K stored in the second memory 
circuit 131 is transmitted during period T3 that 
overlaps the rear half of the period T1 and the front 
half of the period T2 and thereafter a PWM signal 
having pulse widths that correspond to the lower 
half of the pulse width data K is transmitted during 
period T4 that occupies the rear half of the period 
T2 and the front half of the period T1. 



Thus, the PWM signal $3 produces a 
waveform which is identical with that of the PWM 
4>1 but delayed by 1/4 of a period as illustrated in 
chart G of Fig. 12. Similarly, th PWM signal *4 

5 shows a waveform identical with that of the PWM 
4>2 which is delayed by 1/4 of a period as illus- 
trated in chart H of Fig. 12. 

Consequently, the electric current supplied to 
the second coil 162 of the motor 160 has a 

10 waveform as illustrated in chart I of Fig. 12, which 
is a sinusoidal curve having a phase delayed by 
90" relative to that of the current running through 
the first coil 161. 

As two electric currents whose phases are drf- 

75 ferentiated by 90* respectively run through the first 
and second coils 161, 162, the rotor 163 of the 
motor 160 is driven to rotate at a rate equivalent to 
the frequency of Fc/{2 n+1 )*N). 

It may be clear that the rotary speed of the 

20 motor 160 is linearly proportional to the clock fre- 
quency and therefore a desired rate of rotation of 
the motor may be realized by modifying the clock 
frequency Fc. 

While the motor control circuit of Fig. 7 is so 

25 designed that the first and second coils 1 61 , 1 62 of 
the motor 160 is supplied with power while the 
power source having a voltage which is positive 
relative to the reference voltage (the earth poten- 
tial) is kept OFF by a PWM signal, it may be 

30 alternatively such as illustrated in Fig. 13, where 
the source current from the commercial power 
source 115 is rectified by a voltage doubler/rectrfier 
circuit 170 to generate both positive and negative 
power sources for the drive circuit 171 and PWM 

35 signals $1 and <t>2 are alternately transmitted for a 
given period of time to switches 172, 173 which are 
serially connected to the positive and negative 
power sources so that the first coil 161 of the 
motor 160 may receive AC as in the case of its 

40 counterpart in Fig. 7. 

While each of the switching circuits 141 
through 144 (151 through 154) of Fig. 7 are con- 
stituted by a photocoupler and a driving transistor, 
the circuit configuration is not limited thereto and 

45 may alternatively be so designed as to comprise 
switch devices (transistors, FETs, etc.) that can be 
directly turned on and off by PWM signals. 

While the first and second memory circuits 
126, 131 of the PWM generating circuit 123 of Rg. 

so 7 stores pulse width data for a width that varies 
between 0 and the storage capacity of each of 
the circuit may be economized by storing data only 
for a width between 0 and W2 and utilizing them for 
the latter half of th variable range. 

55 Moreover, the PWM signal generating circuit 
123 of Rg. 8 may be so modified as to obtain an 
alternativ circuit as illustrated in Rg. 14, where the 
address counter 125 of Rg. 8 is replaced by a 
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switch 180 which is turned on for a given period of 
time by the rising edge of a quotient-frequency 
signal and an adder 181 for receiving data for 
given addressing intervals D. Then, the output val- 
ue of the adder 181 will be incremented at intervals 
equivalent to the addressing intervals, or intervals 
at which quotient-frequency signals are entered, so 
that the first and second memory circuits 126 and 
131 may be addressed with desired intervals and 
therefore the frequency of the AC running through 
each of the coils of the motor may be varied 
without changing the frequency of the clock signal. 

While the motor control circuit of Fig. 7 op- 
erates to supply the motor coils with an electric 
current that varies to trace a sinusoidal wave ac- 
cording to a modulated pulse signal whose pulse 
width is modulated to draw a sinusoidal wave, 
pulse modulation may be done to supply the motor 
coils with AC with a desired frequency not by way 
of pulse width but by using a pulse signal that has 
an invariable and constant pulse width but whose 
frequency can be so modulated as to draw a 
sinusoidal wave (frequency modulation) or a pulse 
signal that also has an invariable and constant 
pulse width but those amplitude can be so modu- 
lated as to trace a sinusoidal wave (amplitude 
modulation). 

With any of the above described motor control 
systems, the first and second coils are supplied 
with ACs having phases differentiated by 90 " rela- 
tive to each other and amplitudes that vary to draw 
a sinusoidal wave and obtained by incessantly in- 
terrupting a DC by means of a modulated pulse 
signal so that the rate of rotation of the motor can 
be controlled by modulating the frequency of the 
pulse signal and consequently a large and even 
torque of the motor is guaranteed over a wide 
range of rotary speed. 

Since the rotary speed of the motor is con- 
trolled by means of the frequency of the modulated 
pulse signal, a plurality of motors may be driven at 
a same rate by giving them same frequency data. 

With a motor control system as described 
above, a PWM signal is given to one of a pair of 
the two serially connected push-pull type switch 
pairs of a switching circuit, which are alternately 
closed to establish a current path for a motor coil, 
and a switching signal is given to the other of the 
pair of the switches to keep them ON all the way 
during the period where the PWM signal is applied 
to the former switch so that the switches are kept 
closed, while the other pair of switches, or the 
switches that are open, form a closed loop with the 
motor coil, owing to the diodes D1 through D4 
additionally arranged within the switching circuit 
Therefore, whenever th level of the PWM signal 
falls to "L" to generate a counter electromotive 
force within the motor coil, it is guided to the 
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closed loop, which is formed by the switches kept 
ON all the way during th period where the PWM 
signal is applied and the juxtaposed diodes (loop 
100 indicated by a thick chain line in Fig. 11), and 
returned to the motor coil. 

It may be easily understood that, without such 
an arrangement, the power supply route to the 
motor coil will be interrupted, if momentarily, by 
the counter electromotive force generated each 
time when the level of the PWM signal falls to n L" 
to decelerate the motor and give rise to undesired 
wows to the rotation of the rotor, reducing con- 
sequently the torque of the motor. 

"AnTnverter controlled conveying/measuring ap- 
paratus according to the invention and using a 
motor control system to drive a single-phase 
induction-type brushless motor by means of PWM 
signals and an inverter as described above is, 
however, totally free from wows in the rotation of 
the rotor and maintains a high torque because any 
counter (residual) electromotive force of the motor 
coil is absorbed by a closed loop established within 
the switching circuit to provide a so-called flywheel 
effect. 
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Fig. 15A shows the configuration of an alter- 
native motor control system involving two power 
sources with positive and negative potentials to 
drive the motor in place of a single power source 
of the type as illustrated in Fig. 7. It is seen that 
this configuration involves only six field effect tran- 
sistors FET1 through FET6 as so many switches 
and four diodes D1 through D4 (while the configu- . 
ration of Fig. 7 needs to use eight switches and 
eight diodes). 

Fig. 15B shows a typical circuit to be used to 
drive the switches of the motor control system. 
This drive circuit supplies the switches FET1 
through FET4 alternately with PWM signals having 
phases differentiated by 90* relative to each other 
as by A and B in Rg. 15C and the switches FET5 
and FET6 with switching signals C and D respec- 
tively having inverted phases relative to A and B 
and therefore differentiated by 90* relative to each 
other. The FET1 through FET6 and the diodes D1 
through D4, which are respectively connected to 
FET1 through FET4, are arranged between a 
photocoupler PC driven by ON/OFF signals cor- 
responding to specified frequencies transmitted 
from a CPU and a bias power source circuit BC. 

A motor control circuit having a configuration 
as described above supplies the first and second 
motor coils 161 and 162 of the motor 160 with 
electric currents 11 and 12 having sinus tdal 
waveforms which are identical but whose phases 
are differentiated by 90* relative to each other as 
illustrated in charts E and F of Fig. 15C. Therefore, 
this motor control circuit obviously plays a role 
identical with that of the circuit of Rg. 7. 
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Fig. 15D shows some of the charts of Fig. 15C 
in enlarged dimensions with a view to explain the 
flywheel effect as referred to earlier. When the 
switches FET1 and FET2 respectively receive 
PWM signals as illustrated in charts A and B of 
Fig. 15D, a voltage having a PWM waveform as 
shown in chart C of Fig. 15D is applied to the first 
coil 161- However, thanks to the flywheel effect, the 
electric current I running through the coil 161 will 
have a waveform which is essentially a sinusoidal 
waveform accompanied by minute recesses that 
correspond to the falls in the PWM waveform as 
shown in chart D of Fig. 15D, although the level of 
the current never falls to nil. It should be noted that 
the rising edge and the falling edge of each of the 
recesses in the waveform of the current I are 
symmetrical in terms of inclination and mutually 
displaced by a time span which is a function of the 
PWM waveform. 

Fig. 16A shows the arrangement to protect the 
motor against any excessive flow of electric current 
by using an inverter 120. 

In principle, the driving force (F) of the motor is 
linearly proportional to the electric current (I) run- 
ning through the coil (F=K*I, where K is a con- 
stant), "mis may not need any further explanation 
as the magnetic force generated within the coil is 
linearly proportional to the intensity of the electric 
current running through it 

On the other hand, since the motor itself is 
designed to allow certain fluctuations in the level of 
the power supplied to it, the only care required for 
the motor may be to keep it away from excessive 
electric current the motor may be exposed to par- 
ticularly when the load to the motor is high and the 
motor is abruptly stopped in order to eliminate any 
possible damage to the motor due to burning. 

With these considerations, the inverter 120 in 
Fig. 16A is devised to ensure that the motor is 
always driven by a constant current 

Taking now the first coil 161, a negative feed- 
back circuit comprising a transformer 280, a recti- 
fier circuit 281, an operational amplifier 282 and a 
constant-current control circuit 283 is provided in 
order to detect the electric current in the coii and 
feed it back to the inverter 120. The constant- 
current control circuit 283 here comprises an in- 
tegrating circuit 284 for integrating data on the 
detected coil current and a CPU 285 for generating 
ON/OFF signals in response to the frequency 
specified on the basis of the output from said 
integrating circuit 284. The ON/OFF signal from the 
CPU 285 is used to provid the first coil 161 of the 
motor 160 with AC having a sinusoidal waveform 
by way of the PWM signal generating circuit 123 
and the driving circuit 140 of the inverter 120 as 
described earlier. 

A current-level presetting device 268 is pro- 



vided on the path of the detected coil current. 

An arrangement as described above guaran- 
tees that a constant-current is always supplied to 
the motor 160 and therefore any potential damage 

5 to the motor due to excessive current can be 
effectively avoided. 

Fig, 16B shows another alternative configura- 
tion of the motor control system that additionally 
comprises a thermal alarm circuit 287 for issuing a 

70 warning signal when the coil current remains at a 
limit level over a given period of time (e.g., 1 
minute) and an excess current alarm circuit 288 for 
issuing a warning signal when the coil current ex- 
ceeds the rated value. The thermal alarm circuit 

75 287 comprises a limit value specifier 287a, an 
operational amplifier 287b and a timer 287c, where- 
as the excess current alarm circuit 288 comprises 
a excess current level (relative to the rated current 
level) specifier 288a and an operational amplifier 

20 288b. 

Fig. 17 shows a block diagram of an inverter of 
a motor control system that can be used for the 
embodiment of Fig. 1. 

The inverter 220 of Fig. 17 converts the AC 
25 supplied by a commercial power source 201 into 
two ACs that have a desired identical frequency 
but whose phases are differentiated by 90*. which 
are then supplied to respective coils 208 and 209 
of a single-phase induction-type brushless motor 
30 207 so that the rotor 210 of the motor 207 may be 
rotated at a desired rate. In Fig. 17, 221 denote a 
rectifier circuit for converting the AC (e.g.. 50Hz, 
100V) coming from the commercial power source 
into DC, 222 denotes a PWM signal generating 
35 circuit for generating with time lags pulse width 
modulation signals (PWM signals) $1, $2, $3 and 
$4 having phases differentiated from one another 
and polarity changeover signals $a and $b having 
phases differentiated by 90* relative to each other 
40 on the basis of first and second clock signals 
applied thereto. 

The PWM signal generating circuit 222 typi- 
cally has "a configuration as illustrated in Fig. 18. 
in Fig. 18, reference numeral 223 denotes an 
45 (n + 1)-b*rt address counter for counting the number 
of first clock signals CLKIs. 

Reference 224 denotes a first memory circuit 
having an n-bit address space that stores in ad- 
vance pulse width data W0 through W2n-1 that 
50 correspond to respective address values A 
(A ^O-^n-l) and are expressed in terms of B*sin- 
(A # W2°), where B is a coefficient 

Reference numeral 225 denotes a down coun- 
ter that decrements the initial value, or the pulse 
55 width data W read out from the first m mory circuit 
224, by w 1 n each time it receives a second clock 
signal CLK2 from an AND-circuit 226 and transmits 
a reset signal to flip-flop 227 when the reading of 
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the counter gets to "0". (Note that the frequency of 
the first clock signal CLK1 has a frequency lower 
than that of the second clock signal CLK2.) 

The flip-flop 227 sets the level of the output Q 
to "H" at the rising edge of a first clock signal 
CLK2 and opens the gate of the AND-circuit 226 to 
send a second clock signal CLK2 to the down 
counter 225. 

As a first clock signal CLK2 comes to show its 
rising edge, the address value for the first memory 
circuit 224 is incremented by "1" and a pulse width 
data W that corresponds to the address value A is 
given to the down counter 225 to eventually initiate 
the operation of counting down the number of 
second clock signals CLK2 by way of the AND- 
circuit 226. Once the number of clock signals be- 
comes equal to the pulse width data W, the flip-flop 
227 is reset. 

Thus, a PWM signal having a pulse width that 
corresponds to the pulse width data is issued from 
the output terminal Q of the flip-flop in synchronism 
with a first clock signal CLK1 . 

Reference numeral 228 denotes a switching 
circuit that transmits the output of the (n + 1)th-bit 
as a polarity changeover signal 4a by way of 
terminal 228a when the level of the polarity chan- 
geover signal 4a is "L" and terminal 228b when 
the level of the polarity changeover signal *a is 
"H". The terminal disconnected from the output 
terminal of the flip-flop goes to level "L". 

Reference numeral 229 denotes a second 
memory circuit that has. as the first memory circuit 
224, an n-bit memory space. 

The second memory circuit 229 stores in ad- 
vance pulse width data KO through K2n-1 that 
correspond to respective address values and are 
expressed in terms of the absolute value of B # sin- 
(A*W2 n ). 

Reference numeral 230 denotes a down coun- 
ter that decrements the initial value, or the pulse 
width data W read out from the second memory 
circuit 229. by "1" each time it receives a second 
dock signal CLK2 from an AND-circuit 231 and 
transmits a reset signal to flip-flop 227 when the 
reading of the counter gets to "0". 

The flip-flop 232 sets the level of the output Q 
to "H" at the rising edge of a first clock signal 
CLK1 and opens the gate of the AND-circuit 231 to 
send a second clock signal CLK2 to the down 
counter 230. 

Thus, as a first clock signal CLK2 comes to 
show its rising edge, the address value for the first 
memory circuit 224 is incremented by "1" and a 
pulse width data W that corresponds to the ad- 
dress value A is given to the down counter 225 to 
eventually initiate the operation of counting down 
the number of second clock signals CLK2 by way 
of the AND-circuit 226. Once the number of clock 



signals becomes equal to the pulse width data W, 
the flip-flop 227 is reset 

Thus, a PWM signal having a pulse width that 
corresponds to the pulse width data K stored in the 

5 second memory circuit 229 is issued from the 
output terminal Q of the flip-flop 232. 

Reference numeral 233 denotes a flip-flop that 
latches the level of the output (4a) of the (n + 1)th- 
bft synchronously with the rising edge of the output 

10 of the nth bit and its output Q is transmitted to a 
switching circuit 234 as a polarity changeover sig- 
nal 4b having a phase delayed by 90* relative to 
that of the polarity changeover signal 4a. 

The switching circuit 234 transmits a PWM 

is signal by way of terminal 234a when the level of 
the polarity changeover signal 4b is "L" and termi- 
nal 234b when the level of the polarity changeover 
signal 4b is "H". 

The two sets of PWM signals (41 , $2) and (43. 

20 £4) coming from the respective switching circuits 
228 and 234 and the polarity changeover signals 
4a, 4b are sent to first and second drive circuits 
240 and 250 respectively as illustrated in Rg. 17. 
Both of the two drive circuits 240, 250 have a 

25 configuration as shown in Rg. 19. 

Referring to Rg. 19, it shows that reference 
numerals 241 through 244 (251 through 254) de- 
note so many switching circuit which are turned on 
and off according to PWM signals $1 and 42 and 

30 the levels of polarity changeover signals 4a and 4b 
and that currently the switching circuit 241 (251) 
has received a PWM signal 41 (43) and the switch- 
ing circuit 242 (252) has received a polarity chan- 
geover signal 4a (4b). It also shows that currently a 

35 PWM signal 42 (44) has been sent to the switching 
circuit 243 (253) and a polarity changeover signal 
4a (4b) has been inverted by the inverter 245 and 
sent to the switching circuit 244 (254). 

The switching circuits 241. 242 (251, 252) are 

40 serially connected to a DC power source, or recti- 
fier circuit 221, and a terminal of coils 261 and its 
counterpart of coil 262 of an induction motor 260 
are connected to the junction of the two switching 
circuits. 

45 Similarly, the other terminals of the coils 261 
and 262 are connected to the junction of the two 
switching circuits 243, 244 (253, 254) which are 
also serially connected to the DC power source. 
Reference numeral 260 denotes a current 

so sensing circuit for sensing the current that runs 
through the two coils 208 and 209 of the induction 
motor 207 (Rg. 17). 

Reference numerals 261 and 262 denote sens- 
ing transformers whose primary windings 261a and 

55 262a are respectively and serially connected to the 
coils 208 and 209 and wound around highly per- 
meable cores. Reference numerals 263 and 264 
denote rectifier circuits for rectifying the ACs pro- 
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duced at the second windings 261b and 262b of 
the sensing transformers 261 and 262. while refer- 
ence numeral 265 denotes an adder for adding th 
DC voltages coming from the rectifier circuits 263. 
264. 

Reference numeral 266 denotes a referee cir- 
cuit for issuing a current limiting signal whenever 
the added voltage of the adder 265 exceeds a 
predetermined value. 

The current limiting signal is sent to a speed 
specifier circuit 270. 

The speed specifier circuit 270 is so designed 
that it can appropriately modify the frequencies of 
first and second clock signals to be applied to the 
PWM signal generating circuit 222. 

Reference numeral 271 denotes a frequency 
specifier to be used to preset the frequency of the 
clock signals generated by clock signal generator 
272. Reference numeral -273 denotes a first fre- 
quency divider for dividing by N the frequency of 
the signals generated by the clock signal generator 
272 and transmitting quotient-frequency signals as 
clock signals CLK1 . whereas 274 denotes a second 
frequency divider for dividing by M (NKN) the 
frequency of the signals generated by the flock 
signal generator 272 and transmitting the quotient- 
frequency signals as clock signals. 

Reference numeral 275 denotes a switch to be 
turned over by a current limiting signal from the 
referee circuit 266. It simply forwards the clock 
signals coming from the clock signal generator 272 
as so many second clock signals CLK2 while it is 
receiving a current limiting signal, whereas It trans- 
mits the quotient-frequency signals coming from 
the second frequency divider 274 as second clock 
signals CLK2 when it is not receiving any current 
limiting signal. 

The inverter 220 as described above operates 

in the following manner. 

When given frequency data Fc is preset in the 
frequency specifier 271 of the speed specifier cir- 
cuit 270. a first clock signal CLK1 having a fre- 
quency equal to Fc/N and a second clock signal 
CLK2 having a frequency equal to Fc/M as illus- 
trated in chart A of Fig. 20 are transmitted to the 
PWM signal generating circuit 223. 

The address value A of the address counter 
223 is incremented by "1" each time it receives a 
first clock signal CLK2 and causes the first memory 
circuit 224 to sequentially transmit pulse width data 
WO through W2n-1 so that, during the period (T1) 
where the polarity changeover signal *a (chart B of 
Fig. 20) remains at level "L", a PWM signal <M is 
transmitted as shown by chart C of Fig. 20, where- 
as, during the period (T2) where the switching 
signal 4>a keeps level "H". another PWM signal *2 
is transmitted as shown by chart D of Fig. 20 
<T1=T2 = 2 2# N/Fc). 



Since the switching circuit 144 is kept ON by 
an inverted signal of the polarity changeover signal 
4>a during the period TI1 the coil 208 of the induc- 
tion motor 207 receives an electric current that 

s increases to draw a sinusoidal curve as illustrated 
in chart E of Fig. 20. 

During the period T2, on the other hand, the 
electric current running through the coil 208 de- 
creases to further follow the sinusoidal curve as a 

w PWM signal *2 is sent to the switching circuit 243 
of the first drive circuit 240 so that the switching 
circuit 242 is kept ON by a polarity changeover 
signal <f>a. 

In this manner, an electric current with a given 

is frequency is caused to run through the coil by the 
PWM signals *2 and the polarity changeover 
signals *a, <frb. It may be needless to say that the 
electric current running through the coil 208 draws 
a sinusoidal curve having a period of T1+T2 

2Q (=2 n * l0 N/Fc). 

Similarly, the second memory circuit 229 also 
sequentially transmits pulse width data K0 through 
K2n-1 in response to the address value A of the 
address counter. However, It should be noted that. 

25 since the polarity changeover signal $b has a 
phase delayed by 90* relative to the switching 
signal $a as shown by chart F of Fig. 20. a PWM 
signal with pulse widths that correspond to the 
upper half of the pulse width data K stored in the 

so second memory circuit 229 is transmitted during 
period T3 that overlaps the rear half of the period 
T1 and the front half of the period T2 and there- 
after a PWM signal having pulse widths that cor- 
respond to the lower half of the pulse width data K 

36 is transmitted during period T4 that occupies the 
rear half of the period T2 and the front half of the 
period T1 . 

Thus, the PWM signal $3 produces a 
waveform which is identical with that of the PWM 

40 *1 but delayed by 1/4 of a period as illustrated in 
chart G of Fig. 20. Similarly, the PWM signal 4>4 
shows a waveform identical with that of the PWM 
4,2 which is delayed by 1/4 of a period as illus- 
trated in chart H of Fig. 20. 

45 Consequently, the electric current supplied to 
the coil 209 of the induction motor 207 has a 
waveform as illustrated in chart I of Fig. 20, which 
is a sinusoidal curve having a phase delayed by 
90* relative to that of the current running through 

50 the coil 208. 

As two electric currents whose phases are dif- 
ferentiated by 90* respectively runs through the 
first and second coil 208. 209. the rotor 210 of the 
induction motor 207 is driven to rotate at a rate 
55 equivalent to the frequency of Fc/(2 n+1 )*N). 

It may be clear that the rotary speed of the 
induction motor 207 is linearly proportional to the 
clock frequency Fc and therefore a desired rate of 
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rotation of the motor may be realized by externally 
modifying the clock frequency Fc. 

If the clock frequency Fc is preset to a very 
low value, the electric currents running through the 
coils 208 and 209 of the induction coil 207 can 5 
rapidly increase. 

The increase in the level of the electric cur- 
rents are sensed by the current sensing circuit 260 
and, when the level exceeds a predetermined val- 
ue, a current limiting signal is sent to the speed 10 
specifier circuit 270 to switch the frequency of the 
second clock signal CLK2 from Fc/M to Fc. 

As a result, the PWM signals $1 through $4. 
which are, under normal conditions, transmitted 
with a pulse width as shown in chart B of Fig. 21 75 
which is equivalent to Wp pulse width data of the 
second clock signal CLK2 as shown by chart A of 
Fig. 21, are so modified to have a pulse width 
equivalent of Wp pulse width data of the second 
clock signal CLK2 having a high frequency (chart C 20 
of Fig. 21) as illustrated by chart D of Fig. 21. 

The modified pulse width of the PWM signals 
*1 through *4, which is equal to 1/M of that of the 
signals under normal conditions, reduces the inten- 
sity of the electric currents running through the 25 
coils 208, 209 of the induction motor 207 to elimi- 
nate any potential danger to the motor due to 
excessive electric current such as burning of coils. 
(Note that the frequency of the electric current with 
which the motor is driven is not changed.) 30 

The sinusoidal waveform of the electric current 
may be canceled by turning off the power source, 
by modifying the preset value of the frequency 
specifier 271 or by utilizing a specifically provided 
resetting means (not shown). 35 

While the inverter of Fig. 17 controls the elec- 
tric current running through the load circuit by a 
current limiting signal generated by the current 
sensing circuit 260. the control operation may be 
so designed as to completely cut off the electric 40 
current or to use a current limiting resistor or to 
limit the presetting capability under certain cir- 
cumstances, if the current is to be limited. 

While the inverter of Fig. 17 controls the AC 
supplied to the load circuit by means of the pulse 45 
width that varies to draw a sinusoidal waveform, an 
inverter that controls the AC by means of pulse 
interval modulation or pulse width modulation may 
be alternatively used. 

While the inverter of Fig. 17 immediately limits so 
the electric current running through the induction 
motor 207 whenever it exceeds a predetermined 
value, it may be so designed as to limits the 
current accorcfing to the valu obtain d by accu- 
mulating the differentials of the current for a given 55 
period of time or, alternatively, so designed as to 
use a referee circuit 266' comprising a comparator 
267 which compares the output of the adder 265 



with a given value and a flip-flop 269 which is set 
to operate by the output of timer circuit 268 which 
is activated by th rising edge of an output of the 
comparator so that the AC supplied to the induction 
motor is limited by the output of the flip-flop 269 
when it continually exceeds a given value for a 
predetermined period of time. 

The referee circuit 266' of Fig. 22 may be 
combined with an alarm circuit 280 that issues a 
warning signal when the AC to the toad circuit is 
limited. Alternatively, the referee circuit may be so 
designed as to turn off the commercial power 
source by the output of the flip-flop for limiting the 
AC. 

Since the inverter senses the current supplied 
to the load circuit and limits the current whenever it 
exceeds a given level, it can effectively prevent 
any excessive AC from running to the induction 
motor even when the frequency of the AC is signifi- 
cantly reduced to eliminate any potential danger 
such as burning of coils. 

Fig. 23 shows in block diagram the configura- 
tion of still another alternative inverter that can be 
used with the first embodiment of the invention, 
where the components which are similar to those of 
the Fig. 36D are indicated by identical reference 
numerals and will not be described any further. 

In Fig. 23, reference numeral 320 denotes a 
frequency specifier that transmits from its multiplier 
323 a pulse signal having a frequency equal to the 
frequency F0 of the reference signal from the cry- 
stal oscillator 321 multiplied by M. 

The pulse signal is sent to photo-coupler 331 
of frequency determining circuit 330. 

The frequency determining circuit 330 counts 
the number of the pulse signals the photo-coupler 
331 has received by means of a counter 332 and 
has its latch circuit 335 to latch the count value 
each time it receives a latch pulse transmitted from 
timer circuit 334 operated in synchronism with the 
output of oscillator 333. It then has its delay circuit 
336 to slightly delay the latch pulse, which is used 
to reset the counter 332. 

Therefore, the output of the latch circuit 335 
represents the number of pulse signals entered to 
the counter 332 during the period of the latch pulse 
T or the number of pulses of a pulse signal during 
the period T. 

The output of the latch circuit 335 is sent to a 
switch control circuit 308 of the AC converter cir- 
cuit 305 and the switch control circuit 308 converts 
the incoming DC Into an AC having a frequency 
that corresponds to the output of th latch circuit 
335. 

The output K of the latch circuit applied to the 
switch control circuit 308 is so controlled that it 
agrees with the frequency Fd of th current sup- 
plied to the load circuit 309. Therefore, if it is so 
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assumed that the period of the fatch pulse is 100 
milliseconds and the frequency of the output of the 
crystal oscillator 321 of the frequency specifier 320 
is 10Hz, a pulse signal having a frequency of 1kHz 
will be given to the counter 332 by specifying 
"100" for the multiple M. 

Thus, "100" is latched to the latch circuit 335 
for each latching and then given to the switch 
control circuit 308 to generate an AC having a 
frequency of 100Hz to be supplied to the load 
circuit 309. 

Similarly, an AC with frequency of 200Hz wfli 
be generated by specifying "200" for M and the 
frequency Fd of the AC supplied to the load circuit 
will be 50Hz if "50" is specified for M. 

While the stability of the frequency Fd of the 
AC depends on the stability of the frequency of the 
pulse signal transmitted from the frequency speci- 
fier 320, the latter is maintained to a very stable 
state because it is obtained by multiplying the 
signal from the crystal oscillator 321 which is very 
stable. 

While a multiplier 323 is used for the frequency 
specifier 320 of the inverter of Fig. 23, it may be 
replaced by a frequency divider 324 as a compo- 
nent of the frequency specifier 340 that has a 
configuration as illustrated in Fig. 24. Here, a di- 
vider 341 is provided in the frequency determining 
circuit 350 to divide a given value by the output of 
the latch circuit 335 and the output of the divider 
341, or the quotient, is sent to the switch control 
circuit 308 so that the frequency Fd of the alternat- 
ing current supplied to the load circuit is linearly 
proportional to the value M. 

While the relationship between the latched out- 
put value K and the frequency Fd of the driving AC 
was defined in terms of agreement of the two 
values earlier, it may be alternatively defined by 
equation Fd^a'K (a is an arbitrary number), where 
a can be varied by means of the switch control 
circuit 305. Still alternatively, the frequency deter- 
mining circuit 370 may be so configured that it 
determines the output of the latch circuit by means 
of a referee circuit 360 and, if the output of the 
latch circuit 335 exceeds a limit value, it causes the 
switch control circuit 308 or the switching circuit 
307 to issue a signal that stops the supply of 
power as illustrated in Fig. 25. 

While the inverter of Fig. 23 uses only one 
frequency specifier 320 to specify the frequency of 
the AC supplied to the load circuit 309, it may be 
alternatively so configured to comprise a plurality 
of frequency determining circuits 330 to forward 
the pulse signal from a single frequency specifier 
320 to a plurality of conversion circuits 305 so that 
a plurality of load circuits 309 (e.g., a plurality of 
AC motors) may be synchronously driven by using 
a single frequency specifier 320 to achiev a high 
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level of operational precision. When a plurality of 
conversion circuits are used, different motors may 
be driven at a same speed by modifying th con- 
stant a differently for each motor depending on th 

s characteristics of the motor. 

Since each of the inverters described above by 
referring to Figs. 23 through 26 is so designed that 
it generates a pulse signal having a frequency that 
corresponds to the desired frequency of drive cur- 

70 rent specified by the frequency specifier and the 
pulse signal is, after having been checked for its 
frequency, is utilized to generate an AC having a 
corresponding frequency, the frequency of the 
drive current can be remarkably accurately con- 

75 trolled and a plurality of load circuits may be syn- 
chronously operated. 

Now, a motor control system comprising an 
inverter of the type as described above should be 
discussed for its fail safe capability in terms of how 

20 an abnormal condition can be detected on the side 
of issuing signals specifying the speed of the mo- 
tor at the stage of passing commands for specify- 
ing the speed of the motor and how the detected 
abnormal condition is used to secure the safety of 

25 the motor (by reducing the voltage of the drive 
current to 0V in order to stop the motor). The level 
of accuracy with which commands are passed can 
be enhanced by digitally controlling the signal sys- 
tem. The digital control technique is particularly 

30 important when a plurality of inverters are involved 
within a system as in the case of the third embodi- 
ment, which will be described later. 

Rg. 27A shows the configuration of a speed 
control section of a motor control system designed 

35 with the above considerations in mind, ft is de- 
signed to operate as linear function of the input 
pulse frequency and stop the motor whenever one 
of the limits provided for variables is exceeded. 
This speed control section clears the counter 

40 380 that counts the number of entered pulse com- 
mand signals having a frequency approximately 
one hundred times as large as the rate of rotation 
of the motor (chart A, Fig. 27B) on the basis of the 
input signals which are periodically sampled (e.g., 

45 for every 1 second) as shown by chart B of Rg. 
27B and, at the same time, closes the switch 381 
to latch them to the latch circuit 382. Each of the 
signals latched to the latch circuit 382 represents 
the specified rate of rotation as shown by chart C 

so of Rg. 27B and the output of the latch circuit 382 is 
given to a divider 383 and first and second com- 
parators 384, 385. Said divider 383 divides the 
output of the latch circuit 382 by a given number 
(e.g., ratio of two speeds specifi d by two different 

55 inverters) to give the specified rate of rotation as 
shown by chart C of Rg. 27B to a PWM signal 
generating circuit (not shown) contained within th 
inverter circuit. Besides, the output of th latch 
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circuit 382 is compared with the upper and lower 
limit values respectiv ly by the first and second 
comparator 384, 385 and, whenever the output 
returns to the upper and lower limit, a signal that 
stops the warning that has been issued will be 
generated and transmitted. In other words, as long 
as the specified rate of rotation exceeds the upper 
and lower limits as shown by charts E and D of 
Rg. 27D, warning signal is kept on being issued 
and consequently the motor is allowed to be driven 
only at the specified rate of rotation. 

Rg. 27C shows the configuration of a speed 
control section designed to periodically issue a 
multiplier for the reference rate of rotation of the 
motor. 

The speed control section comprises a serial 
I/O unit 391 for receiving ASCII codes (SOs). Upon 
receiving a load signal S1 as shown in chart B of 
Rg. 27D from the serial I/O unit 391, the input (SO) 
is latched to a latch circuit 393 by war of a switch 
392, and at the same time, the data stored in said 
latch circuit 393 is cleared by a signal (S2) as 
shown by chart C of Rg. 27D transmitted from the 
serial I/O unit 391 by way of T1 timer 394. The 
specified rate of rotation is obtained by dividing the 
output of the latch circuit 393 by a given constant 
(e.g., the ratio of the speeds of two inverters) in the 
divider 395 and then transmitted to the PWM signal 
generating circuits contained in the respective in- 
verters. 

The second embodiment of the invention as 
described above operates in the following manner. 

Rg. 28 shows an arrangement where the em- 
bodiment is applied to an intermediary conveyor 
402. 

In Rg. 28, reference numeral 404 denotes a 
motor, e.g. single-phase induction-type brushless 
motor, that rotates at a rate synchronized with the 
two-phase AC having phases differentiated by 90* 
from each other and supplied to the motor. 

Reference numeral 405 denotes an optical sen- 
sor comprising a light emitter and a light receiver 
for detecting an object fed in by the intermediary 
conveyor 402. 

Reference numeral 410 denotes a variable 
speed control for controlling the rotary speed of the 
motor 404. 

Reference numeral 411 denotes an oscillator 
for generating signals with a given frequency and 
412 denotes a first frequency divider for dividing 
the frequency of each of the signals transmitted 
from the oscillator 411 by a divisor N. 

Reference numeral 413 denotes an inverter 
designed to supply the motor 404 with two-phase 
AC having phases differentiated by 90* from each 
other according to signals synchronized with the 
quotient-frequency signals from the first frequency 
divider 412 and a frequency which is linearly pro- 



portional to that of the quotient-frequency signals. 

Reference numeral 414 denotes a second fre- 
quency divider for dividing the frequency of each 
of the signals transmitted from the oscillator 411 by 
5 a divisor M which is specified by accelerator 415. 

Reference numeral 416 denotes a flip-flop that 
raises the level of output Q to "H" at the rising 
edge of a detection signal from the sensor 405 and 
maintains the level for a while. (The level is "L" 
70 while the signal is being transmitted.) 

Reference numeral 417 denotes a preset-type 
down counter that decrements the number of 
pulses entered from an AND-circuft 418 from an 
initial value preset by the rising edge of a detection 
is signal from the sensor 405. 

Reference numeral 419 denotes an initial 
speed specifier for setting an initial value to the 
down counter 417. 

The outputs transmitted from the down counter 
20 417 during its counting operation are used to deter- 
mine the divisor for the first frequency divider 412 
and at the same time entered to a comparator 420. 

The comparator 420 is so designed as to trans- 
mits a reset signal to the flip-flop 416 when the 
25 reading of the down counter 417 and the value 
specified by a final speed specifier 421 agree with 
each other. 

A variable speed control 410 having a configu- 
ration as described above operates in the following 
30 manner. 

A divisor Na is stored in the initial speed speci- 
fier 419 to be given to the first frequency divider 
412, Na being a number necessary to equalize the 
speed of the intermediary conveyor 402 and the 
36 speed Va of the feeding conveyor 401. whereas a 
divisor Nb (Na>Nb) is stored in the final speed 
specifier 421 for the second frequency divider 414, 
Nb being a number necessary to equalize the 
speed of the inspection conveyor 403 and the 
40 speed Vb (Va<Vb) of the inspection conveyor 403. 

The initial speed specifier 415 also stores an 
arbitrary number M to be used to allow more than 
(Na-Nb) quotient-frequency pulses transmitted from 
the second frequency divider 414 to enter it during 
45 a period of time (average transfer time) obtained by 
dividing the effective length of the intermediary 
conveyor 402 by the average of the speeds Va and 
Vb. 

When the front edge of an object W brought in 
50 by the feeding conveyor 401 at a speed Va 
crosses the sensor 405 at time tl ( the signal repre- 
senting the detection rises as illustrated by chart A 
in Rg. 29 and a corresponding value Na is set in 
the down counter 417. 
55 Then, the divisor of the first frequency divider 
412 is automatically set to Na as illustrated by 
chart B of Rg. 29 and the speed of the inter- 
mediary conveyor 402 is set to Va as shown by 



18 



33 



EP 0 458 974 A1 



34 



chart C of Fig. 29. 

As a result the object brought in by the feed- 
ing conveyor 401 is transferred to the intermediary 
conveyor 402 and moved further on at a substan- 
tially identical speed. 

When the object W is completely transferred to 
the intermediary conveyor 402 at time t2 f the de- 
tection signal from the sensor 405 rises to give a 
quotient-frequency pulse from the second frequen- 
cy divider 414 to the down counter 417 by way of 
the AND-circuit 418 and the divisor for the first 
frequency divider 412 is decreased each time it 
receives a quotient-frequency pulse. 

Then, the intermediary conveyor 402 gradually 
increases its speed and, therefore, the object W is 
accelerated as it approaches the inspection con- 
veyor. 

When the reading of the down counter 417 
comes to agree with Nb at time t3, the flip-flop 416 
is reset to hold the reading of the down counter 
417 to the value of that instant and the speed of 
the intermediary conveyor to Vb. 

Thus, the speed of the object W that has been 
accelerated as it approaches the other end of the 
intermediary conveyor 402 is then held to a con- 
stant value Vb, which is identical with the speed of 
the inspection conveyor 403. so that it is smoothly 
moved to the inspection conveyor 403 for inspec- 
tion. 

The speed of the intermediary conveyor 402 
returns to the initial speed Va when the next object 
W is transferred from the feeding conveyor 401 to 
it at time t4. 

The operation of the conveyors as described 
above will be repeated for the succeeding objects 
so that they are sequentially sent to the inspection 
conveyor 403 with out receiving any abrupt speed 
change and hence being subjected to any shock. 

While the speed of the intermediary conveyor 
is rectilinearly modified by continuously changing 
the divisor of the first frequency divider in the 
above embodiment, alternatively it may be dif- 
ferently (e.g., curvilinearly) modified by continu- 
ously changing the oscillation frequency of the 
voltage-control oscillator 431 by means of a sweep 
voltage generator (VCO) 430 whose sweep time, 
sweep initiating voltage and sweep terminating volt- 
age may be arbitrary specified as illustrated in Fig. 
30. 

While the above embodiment was described in 
terms of acceleration of the speed of the object 
being conveyed by the intermediary conveyor, it 
may be needless to say that the speed may be 
decelerated by simply using an up counter in place 
of the down counter 417. 

While the above embodiment uses an optical 
sensor 405 for detecting objects being brought in, 
a sensor that detects changes in the lines of mag- 
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netic force emits or a sensor that det cts changes 
in the load applied to the conveyor may be alter- 
natively used. 

Since the above described second embodi- 
ment of the conveyor system of the invention de- 
tects the start of transfer of an object from the 
feeding conveyor to the intermediary conveyor, 
causes the speed of the intermediary conveyor to 
agree with that of the feeding conveyor and then 
accelerates the speed to get to that of the inspec- 
tion conveyor as the object reaches its other end, 
the object is free from any shock and therefore 
falling down or lopsided contents. 

Therefore, even when oblong objects are con- 
veyed, they can be moved in a perpendicularly 
arranged position without trouble in order to in- 
crease the rate of transportation. 

Now, a third embodiment of the invention will 
be described. 

Rg. 33 shows the configuration of a 
weighing/sorting machine comprising an inverter 
controlled conveyor system, which is the third em- 
bodiment of the invention. The components of the 
machine which are similar to those of the conven- 
tional machine as illustrated in Rg. 36D and de- 
scribed above will be indicated by identical refer- 
ence numerals and will not be described any fur- 
ther. 

The w eighingfeprting machine comprises three 
ny^designetf inverters (frequency convert- 
ers) 520, 521, 522 for controlling the operation of 
respective electric motors Ml, M2 and M3. 

Each of the inverters 520, 521 and 522 re- 
ceives AC from a commercial power source, rec- 
tifies it to obtain DC and incessantly turning on and 
off a switch to produce ACs having phases dif- 
ferentiated by 90* according to control signals 
given to it, which are then used to drive any 
selected two of the three single-phase induction- 
type brushless motors M1, M2 and M3. 

Reference numeral 523 denotes a speed con- 
trol for specifying the spee d of the overall opera- 



tion of the weighing/soTOh gTTnachine and issui pg^-, 
" speed data s accordin g tofhe spe cified value. 
' Reference numerSs" 524 andT25Tdenote so 
many correction circuits to be used to correct the 
speed data S ty^vidingJUbyJfo^atio-^ 
speed of the feeding conveyor 1 to that of the 
weighing conveyor 3 and the ratio 0 of the speed 
of the weighing conveyor 3 to that of the sorting 
conveyor 8 and transmits the obtained results re- 
spectively to the inverters 520 and 522.jlhe speedy 
.ratios are kept substantially constant and are spe- 
cificall v determined for the conveyors in advance.) 
^~~~Thus, when speed data S is set in the speed 
coptroL523 Jor-sr^ifo-C^^ corresponding^ 



speed data S/a, S and S/fl are given to the respec- 
tive inverters 520, 521 and 522. 
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Consequently, due to the ratio of the drive 
frequencies of th motors MI, M2 and M3, or 
Fl:F2:F3=1/a:1:1/0, the conveyors are driven at an 
identical i 

"Under this condition, the object W on the feed- 
ing conveyor 1 is transferred to the weighing con- 
veyor 3 without being exposed to any external 
shock and any diver-gence. i f any, of the signal 
r^msentin q^Te^w^hrerfrTe^Eect W transm itted 



from the weighing instrument 4 that reveals the 
condition of *h fl nhfe ct on the weighing 

pan can be quickly disg jpai&i - 

The arrival of an object to the weighing con- 
veyor 3 is detected by the sensor 6 and, after the 
elapse of the time set for the object from the 
instant when it is completely transferred to the 
weighing conveyor 3 to the instant when the weigh- 
ing operation is completed, it is assigned to a 
specific group by the sorting- circuit 7. which trans- 
j mits a sorting signal that represents the status of 
/ the object 

jCZ^The object that has been moved from the 
weighing conveyor 3 to the sorting conveyor 8 
without receiving any, sho ck is then led by a guide 
device 9, which is conSoHSl by the sorting signal, 
to an appropriate take-out posMoruJrom where it is 
further carried away for the next processing step 
(not shown). 

When the machine is used for objects of a 
different type at a different conveying rate, the 
speed of the conveyors is appropriately altered by 
modifying the speed data S stored in the speed 
control 523. Since the motors are controlled by the 
frequency of the electric currents running through 
them, their torques are not undesirably reduced 
when a low speed is specified for them and the 
machine shows a high stability of operation. 

White a same and identical speed is assumed 
for all the three conveyors, the feeding conveyor 1, 
the weighing conveyor 3 and the sorting conveyor 
6. in the above description, it may be alternatively 
so arranged that only the feeding conveyor 1 and 
the weighing conveyors have a common and iden- 
tical speed, because the difference of speed be- 
tween the feeding conveyor 1 and the weighing 
conveyor 3 is by far more significant to possible 
shocks to which the weighing conveyor 3 may be 



While inverters are used for driving the motors 
in the above embodiment theY may be replaced 
by any devices that can change the drive fre- 
quencies according to input signals. Such devices 
may include drive power sources to be used for 
stepping motors. 

While an inverter can produce AC to drive a 
motor with a considerably low frequency, an ar- 
rangement as shown in Fig. 34, where the inverters 
520, 521 and 522 stop operation or are locked to a 



specific frequency if referee device 530 determines 
that the speed data shows a deviation from a 
specified range, can effectively prevent the motors 
the motors from burning (at low speed) due to an 
operational failure of the speed control 523 and the 
object from falling. 

While soeed data fo r sDecifvinaJhe-vetocitv-at — . 

which objects are movecLare entered to foe correo 

tion circuits 524, 525 so that they are modified by 
10 mathematical operations before given to the invert- 
ers in the above embodiment the operation of 
modifying the specified speed data may be alter- 
natively such that a frequency F that corresponds 
the specified speed is entered to a frequency di- 
75 vider 531 and $ frequency divider 532, which serve 
as correction means, and the quotient frequencies 
(modified output) are used to control the drive 
frequencies of the inverters 520\ 52V and 522* as 
illustrated in Fig. 35A. 

Still alternatively, the operation may be per- 
formed by using memory circuits 540, 541 and 542 
as illustrated in Fig. 35B which stores data for the 
relationship between the object conveying speed 
and the motor drive frequency and from which the 
stored frequency data are read out by using the 
speed data S for addressing in order to specify the 
drive frequency of the inverters 520, 521 and 522. 
This technique is particularly useful when the con- 
veying speed of the conveyors is not a linear 
function of the speed data. 

While the third embodiment is described above 
in terms of a weighing/sorting machine, it may be 
alternatively applied to any machine that uses a 
plurality of conveyors and drives them at an iden- 
tical and constant speed. 

The third embodiment of the invention de- 
scribed above is an inverter controlled 
conveying/measuring apparatus applied to a 
weighing/sorting machine comprises and compris- 
ing a plurality of driving power sources for driving 
the respective conveyor drive motors with electric 
curren ts having^a variable frequency and a correc- 
tion means for modifying the speed specifying^ig- 
<~nal so that the plurality of conveyors are driven 
substantially at a same and identical speed. 
— "With such an arrangement, the speed of the 
plurality of conveyors can be modified quickly and 
easily by using a speed spedt vino-Sigpal so that it 
can^acffiommodate^^ 
r ~"obje( te to be conveyed — 
— ' Moreover, since the rotary speed of the motors 
are modified by varying the frequency of the elec- 
tric currents from the power sources, the torques f 
the motors are not und sirably reduced when they 
55 are driven at low speed so that large and/or heavy 
objects may be smoothly conveyed. 

It may be needless to say that the above 
embodiments may be modified within the scope of 
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the present invention. 

Now, an electromagnetic balance-type weigh- 
ing apparatus that can be used as a component for 
weighing objects of any of the above embodiments 
will be described in greater detail. 

It is well known that weighing apparatus of 
conventional differential transformer type and load 
cell type used in various manufacture and process 
lines for weighing (measuring) objects (works) have 
gradually been replaced by those of electromag- 
netic jal ance-ty pe. — — - — ^ 

The configuration of a known typical electro- 
magnetic balance-type weighing apparatus is 
shown in Fig. 40 of the accompanying drawings. 

In Fig. 40, reference numeral 601 generally 
denotes a weighing pan/balance beam assembly 
supported at fulcrum S selected to show a given 
leverage, t heCgeigh ing parfr being positioned at one 
end portion 601a of the balance beam for deter- 
mining the weight of object W placed on it, 602 
denotes a circular hole provided at a bent-down 
section of the other end portion 601b of the bal- 
ance beam of the assembly 601 and reference 
numeral 603 denotes a light emitter that emits 
beams of light toward the hole 602, while reference 
numerals 604 and 605 respectively denote upper 
and lower light sensors arranged to receive the 
>sms_of light passing through the hole 602. 
Reference numeral 606 denotes a differential 
amplifier for detecting the difference between the 
beams received by the light sensor 604 and those 
received by the light sensor 605. Reference nu- 
meral 607 denotes a proportional integral derivative 
(hereinafter referred to as PID) operation unit for 
performing the operation of scalar multiplications, 
in tegrations and differentiations on the differential 
si gnal it receives and sending out _a_control voltage 



^determined on the basis of the received signal and 
reference numeral 608 denotesTdriving amplifier 



for gene rating a drivin g volta ge corresponding ttT_ " 
the received control voltage in order to produce a 
large electric current. 

-^Reference numeral 609 denotes an electro- 
magnetic (force) coil designed to pull the other end 
portion-601b of the balance beam opposite to the 
^weighi ng pan^downward by means of the elec- 
^ffromagnetiTforce generated by the electric current 
running through it in accordance with the driving 
voltage, reference numeral 610 denotes a buffer 
amplifier for transmitting the voltage generated at 
resistor R by the electric current running through 
the electromagnetic coil 609 and reference numeral 
611 denotes a low-pass filter (hereinafter referred 
to as LPF) for producing a DC vo lta ge signal cor ^_ 
responding to the weig ht of the ob iecLotweightag-- 
^^tamecrby^iTTov^g those components of the 
- — rsfgnaTfransmitted from the buffer amplifier 610 that 
\are responsible for oscillation and noise. 



When the weighing pan 601 of an electromag- 
netic weighing apparatus having a configuration as 
described above is displaced clockwise by the 
w ight of an bject being weighed, a differential 
s signal is generated by the difference of the amount 
of light received by the light sensor 605 and that 
received by the sensor 604, the former now being 
larger than the latter, so that consequently the 
control voltage transmitted from the PID operation 
10 unit 607 is increased to generate a force to move 
the weighing pan 601 counterclockwise to restore 
its initial position and hence the balanced condition 
of the weighing pan 601. 

Since the force of pulling down the end of the 
15 balance beam opposite to j^^eighingj>anjjen^ 
erated by the electromagnetic coil 609 is linearly 
proportional to the driving current, the voltage 
present at the opposite ends of the resistor R when 
the weighing pan 601 is balanced is a linear func- 
tion of the weight of the object being weighed. 

Thus, the weight of the object of weighing can 
be determined by detecting the output signal of the 
LPF 611, once the voltage output of the opposite 
ends of the resistor is calibrated for the load of the 
weighing apparatus. 

However, if the load applied to a conventional 
ej ecfroma gne tic ba lance^type_weighing-apparatus- 
"as jjescribed above bv an ob iect^of— weighing- 
-^Sanges stepwise and the electromagnetic coil 609 
is driven to generate electromagnetic force by a 
voltage applied to it, the electric current caused to 
run through the electromagnetic coil 609 as tran- 
sient response to the inductance of the coil returns 
to its normal level very slowly following the curve 
of natural logarithm, a phenomenon that requires a 
long period of time for weighing an object 

This phenomenon can give rise to a very se- 
rious problem o^^fimely-low-^ghing^sp^_ 
particular^ when the weighing pan is realized in 
' 4Q^~~the form of a conveyor belt that moves objects of 
-^yeig fijng^on it at a given pitch and a given rate up 
T oTfie~weighino soot in an attem pt to maximize the 
~7ate"or efficiency jgjj^wgiql^g J)P_er^^ 
this problem may be dissolved to some extent by 
45 increasing the pitch of differentiation in the PID 
operation unit 607, such a modification made to the 
operation unit 607 can prohibit optimization of the 
control capability of the apparatus which is the 
principal objective of the differentiation and, at the 
so same time, eventually cause the control system of 
the apparatus to oscillate and consequently dete- 
riorate its operation. 

As seen from Fig. 58 that schematically illus- 
trates th principle of a known electromagnetic 
balance-type weighing apparatus as described 
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above, the app aratus receiv s a force F1 at an end 
of the balance beam L applied by the object of 
weighing W to the point of weighing of the weigh- 
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ing Rgn_JL£eaIiz«KLJ^^ 
mtwg yor belt for instance) loc ated at that end of 
^trr^beam L, which is supported at the fulcrum S, 
and a sucking force F2 of the electromagnetic coil 
FC at the other end of the beam L in such a way 
that the beam L is balanced by the two forces so 
that the weight of the object of weighing W on the 
weighingpaniLcan be determined from the elec- 
Tric current supplied to the electromagnetic coil FC 
to maintain the balanced condition. 

. If the weighing pan C (realized in the form of a 
weighing conveyor belt) is cleared of any object of 
weighing W, certain electric current should be sup- 
plied to the electromagnetic coil FC at a given rate 
to counterbalance the dead weight of the weighing 
pan C and keep the balance beam L horizontal by 
pulling the other end A of the balance beam L 
downward around the fulcrum S, because other- 
wise the other end A of the balance beam L will be 
turned upward by the dead weight of the weighing 
pan C. Whenjr ^obiect of weighing W is placed on 
the welghTng^arTcTthe electric current supplied to 
the electromagnetic coil FC should be augmented 
to increase its sucking force F2 in order to offset 
the upward movement of the other end A of the 
balance beam L and keep its balanced condition. 
TfirwelghTof the object of weighing W is deter- 
mined from the increase in the rate of electric 
^jrrent supplied to the electromagnetic coil FC. 

A known electromagnetic balance-type weigh- 
ing apparatus as described above is, however, ac- 
companied by the problems as described below. 

(a) Since the dead weight of the weighing pan 
C is counterbalanced by the sucking force F2 of 
the electromagnetic coil FC, the latter should be 
constantly fed with electricity even when the weigh- 
ing pan C does not have any object W on it in 
order to hold the balance beam L horizontal and 
therefore the level of power consumption of such 
an apparatus is not negligible. 

When the _weigning_pan-C is realized in the 
form of a conyjyjir_Jbeit-^at moves objects of 
weighing vTlstTgiven pitch and a given rate, the 
dead weight to be offset by the sucking force of 
the electromagnetic coil FC includes the weight of 
the conveyor belt and that of the electric motor for 
driving the conveyor belt and therefore the power 
requirement of such an apparatus can be consider- 
able. This in turn gives rise to a high rate of heat 
generation by the electromagnetic coil and the high 
temperature caused by the generated heat can 
adversely affect the accuracy of operation of the 
lectromagnetic coil and therefore that of the elec- 
tromagnetic balance-type weighing apparatus., (b) 
In order to accommodate any heavy object on the 
weighing pan C and keep the balanced condition of 
th beam L by means of the sucking force F2 of 
the electromagnetic coil FC, the ratio of the dis- 
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tance 11 between the fulcrum S of the balance 
beam L and the point of weighing of the weighing 
pan C to the distance 12 b tween the fulcrum S 
and the point of receiving the sucking force of the 
electromagnetic coil FC should be strongly in favor 
of the latter. Because of the inversely high ratio of 
11 to 12 and the remarkable weight imbalance 
between the weighing pan C side and the other 
side of the balance beam L as viewed from the 
fulcrum S. th e balance beam L is highly sensitive 
to and can resonate with external vibrations (such 
as the vibration of the floor where the weighing 
apparatus is installed), that can also adversely af- 
fect the accuracy of operation of the apparatus. 

Besides, the balance beam L can significantly 
vibrate when an object of weighing W is placed on 
or removed from the weighing pan C because of an 
abrupt weight imbalance produced there, a phe- 
nomenon that also adversely affect the accuracy of 
weighing operation of the apparatus. 

Fig. 59 of the accompanying drawings sche- 
matically illustrates the configuration of a known 
water-proof weighing apparatus using a differential 
transformer. 

A weighing pan C On the form of a conveyor 
belt for instance) is arranged external to a housing 
B of the apparatus main body and one end portion 
of the balance beam L which is separated from the 
fulcrum S by a short distance for receiving an^ 
object of weighing on a part of it 

Supports Ca, Ca for supporting the weighing 
pan C stand upright through respective holes Ba, 
Ba of the housing B in such a manner that the 
weighing pan C can freely move upward and down- 
ward. A spring SP is rigidly fitted to the other end 
portion of the balance beam L as viewed from the 
fulcrum S and the balance of the beam L is se- 
cured by the resilient deformation of the spring SP. 
The spring SP acts also as a sensor spring that 
provides (angular) displacement of the balance 
beam L with a magnitude which is proportional to 
the weight of the object of weighing W on the 
weighing pan C. With such an arrangement, the 
weight of the object of weighing W can be deter- 
mined by detecting the displacement of the bal- 
ance beam L by means of a differential transformer 
T whose core TC is arranged at the one end 
portion of the balance beam L opposite tojhe 
weighing pan C. 

If the object of weighing W being weighed on a 
weighing apparatus having a configuration as de- 
scribed above contains liquid in it, some of the 
liquid content can flow into the main body of the 
weighing apparatus through the whatever small 
space between the holes Ba. Ba of the housing B 
and th respective supports Ca, Ca. A similar prob- 
lem may arise when the weighing pan C is washed 
with water. 
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In order to eliminate such a problem, conven- 
tionally a cylindrical protector hood Pa is fitted 
around each of the supports Ca, Ca and a water- 
proof cylinder Pb is arranged along the edge of 
each of the holes Ba. Ba of the housing B, as 
illustrated in Fig. 59. A drain ridge Pc is also 
arranged around the outer periphery of the top of 
each of the water-proof cylinders Pb, Pb whenever 
necessary. 

However, a water-proof weighing apparatus of 
the type as described above are accompanied by 
the following problems. 

(a) While the clearance between each of the 
drain ridges Pc, Pc of the water-proof cylinders 
Pb, Pb and the corresponding water-proof hood 
Pa should be minimized in order to effectively 
prevent liquid from flowing into the housing B, it 
should be large enough to avoid any possible 
contact between the supports Ca, Ca and the 
respective water-proof cylinders Pb, Pb, hoods 
Pc, Pc and the drain ridges Pc, Pc that can be 
brought about by dust and/or misalignment of 
the columns and the respective holes and se- 
cure free movement of the supports Ca, Ca. A 
large clearance by turn hinders complete pro- 
tection of the weighing apparatus against liquid. 

(b) Since the inside of the casing is exposed to 
atmosphere, dews can be formed within the 
weighing apparatus. 

While the space between the housing B and 
the support supports Ca, Ca may be alrtightiy 
covered by elastic members D, D as illustrated 
in Rg. 60, such an arrangement is also accom- 
panied by the following drawbacks. 

(c) The resilient force of the elastic members D, 
D applied to supports Ca, Ca -adversely affects 
the operation of the weighing apparatus so that 
the displacement of the balance beam L does 
not correctly represent the weight of the object 
W being weighed. 

(d) Since the housing B is airtightly sealed, the 
interna! air pressure of the housing B is changed 
by the temperature of the inside of the housing 
B to consequently give rise to errors in mea- 
surement. 

(e) Since the casing B is airtightly sealed, the air 
contained in the casing B acts as a cushion that 
can unintentionally vibrate the balance beam L, 
requiring some time before the beam returns to 
a stationary condition. 

It should be noted that similar problems are 
observed with any conventional electromagnetic 
balance-type weighing apparatus, where the dif- 
ferential transformer T is replaced by an elec- 
tromagnetic coil FC fitted to one end portion of the 
balance beam L as illustrated in Rg. 58. 

In short, any existing electromagnetic balance- 
type weighing apparatus is devoid of fast-respon- 



siveness and does not meet the requirement of 
high precision and high reliability. 

Rg. 37 shows a schematic diagram of the 
configuration of a first improved electromagnetic 

5 balance-type weighing apparatus, where the com- 
ponents which are similar to those of Rg. 40 are 
indicated by identical reference numerals. 

In Rg. 37, reference numeral 615 denotes a 
weighing pan/balance beam assembly, of which the 

w weighing pan is realized in the form of a conveyor 
belt fitted to an end 615a of the balance beam 
pivotally supported by a fulcrum S at a given point 
between the opposite ends of the beam and 616 
denotes a circular hole formed at a bent-down 

75 section 615c of the other end 615b of the balance 
beam of the weighing pan/balance beam assembly 
615. Light sensors 604, 605 receive beams of light 
coming from a light emitter 603 through the hole 
616 and transmit signals corresponding to the 

20 beams of light they receive and hence representing 
the amount of displacement of said balance beam 
to a differential amplifier 606. The output signal 
from the differential amplifier 606 is transmitted to 
a PID operation unit 607, which by turn brings forth 

25 a control voltage that corresponds to the load ap- 
plied to the weighing pan 615. 

It should be noted here that the PID operation 
unit 607 may be replaced by a control unit based 
on the most advanced theories for system control 

30 such as a fuzzy control unit involving a member- 
ship function. What is important here is that a 
control unit put to use should be capable of per- 
forming mathematical operations on various control 
parameters in such a manner that said displace- 

35 ment signal may approach zero as close as possi- 
ble. 

Reference numeral 620 denotes a current tran- 
sducer circuit that supplies an electric current to an 
electromagnetic coil 9 at a rate corresponding to 
40 the control voltage produced by the PID operation 
unit 607. 

The current transducer circuit 620 is so de- 
signed that it detects by means of the voltage 
applied to a resistor R2 the electric current running 

45 through the electromagnetic coil 609, which is 
driven by the output electric current of a driving 
amplifier 621 to whose inverted input terminal the 
control voltage is applied by way of a resistor R1 
and the detected voltage is fed back to the inverted 

so input terminal of the driving amplifier 621 by way of 
the non-inversion input terminal of a buffer am- 
plifier 622, to which it is applied, its output terminal 
and then a resistor R3 ( = RI). The non-inverted 
input terminal of the driving amplifier 621 is 

55 grounded by way a resistor R0, while the inverted 
input terminal of the buffer amplifier 622 is con- 
nected to its output terminal. 

Reference numeral 623 denotes an A/D con- 
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v iter to be used for converting gross weight sig- 
nals transmitted from the buffer amplifier 622 by 
way of a LPF 611 into digital signals and 624 
denotes a weight calculator for determining the 
weight of the object of weighing by subtracting the s 
weight of the weighing pan 615 from the total load 
of the weighing pan represented by the gross 
___weighl signal. 

^-"""Reference numeral 625 denotes a sensor for 
determining the timing of bringing an object of io 
weighing onto the weighing pan 615. The A/D con- 
verter 623 proceeds to an operation of converting a 
gross weight signal, into a corresponding digital 
~signal"6nly when time T has elapsed after receiving 
^timing signal. *s 

The operation of an electromagnetic balance- 
type weighing apparatus according to the invention 
and having a configuration as described above will 
now be described by referring to the timing charts 
A through G shown in Fig. 38. 

As an object of weighing W is put on the 
wei ghing pan 615. the load o f ttjgjyvfligfaing^ an will 
show a" change as expressed by the trapezoidal 
line^ fchart A. 

The PID operation unit 607 adds the derivative 
component (chart B in Rg. 38) to the integral and 
proportional component (chart C in Rg. 38) and 
transmits a signal representing the resultant 
waveform (chart D in Rg. 38) which is generally 
found between -V1 and -V2. 

The driving amplifier 621 quickly responds to 
the control voltage Vc as it is fed back from the 
buffer amplifier 622 so that the output current la of 
the driving amplifier 621 is converged to a value 
determined by V2/R2 as shown by chart E in Rg. 
38. 

It will be easily understood that the rate of the 
convergence is considerably higher than that of the 
output current of the driving amplifier of a conven- 
tional apparatus as shown by chart E of Rg. 38 
which is driven to operate by voltage. 

At this stage, the voltage applied to a terminal 
of the resistor R2. or the power voltage Vb of the 
buffer amplifier 22 will be -V2 volt as shown by 
chart F in Rg. 38. 45 

As the rate of the electric current running 
through the electromagnetic coil 609 is quickly 
modified, responding to the control voltage, the 
weighing pan/balance beam assembly 615 quickly 
regains its balanced condition as illustrated by so 
chart G of Rg. 38 if it is temporarily displaced by 
the load appji^JO_by-ihe-object nf wjightjng_^ 
placed on the weighing pan. _ 
--~ TtkT gross weight signal obtained at time T 
after an object of weighing is put on the weighing 55 
pan is converted into a digital signal and sent to 
the weight calculator 624, which determines the 
weight of the object of weighing. 
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Since the electric current running through the 
electromagnetic coil 609 changes itself quickly re- 
sponding to the variation in the control voltage, the 
time T can be made very short and the efficiency 
of operation of the weighing apparatus will be maxi- 
mized by so selecting the rate of moving objects of 
weighing that the time required for each object of 
weighing to stay on the weighing pan 615 is very 
close to T. 

While the current transducer circuit 620 of the 
above embodiment is constituted by a driving am- 
plifier 621 and a buffer amplifier 622, it may be 
alternatively realized in the form of a current trans- 
ducer circuit 630 having a configuration as shown 
in Rg. 39. The current transducer circuit 630 illus- 
trated in Rg. 39 comprises a driving amplifier 631 
for receiving a control voltage from the PID opera- 
tion unit 607 and providing a transducer voltage 
gain "I" to produce a large electric current and an 
inversion type driving amplifier 632 connected with 
a resistor R2 for detecting electric current and the 
electromagnetic coil 609 to set up a negative feed- 
back loop and a resistor R4 through which it re- 
ceives the output signal of the driving amplifier 
631. Reference numeral 633 denotes a differential 
amplifier for converting the terminal voltage of the 
resistor R2 into a weight signal. 

Similarly, the two light sensors 604, 605 of the 
above embodiment for detecting the displacement 
of the weighing pan as shown in Rg. 37 may be 
replaced by non-optical means such as a differen- 
tial transformer. 

As described above, since the first embodi- 
ment of the electromagnetic balance-type weighing 
apparatus of the invention is so designed as to use 
Its electro-magnetic coil to set up a negative feed- 
back loop and drive it to operate by means of the 
electric current running therethrough , the current 
quickly re sponds to fthgnqga in lnad applied to the 
weighing pan and consequently the time required 



for the appa ratus from the detection of a change in 
^-ffierlg aa caused by an object of weighing to the 
^—determination oi the weight of the object is signifi- 
cantly reduced to improve the efficiency of weigh- 
ing operation. 

It should be also noted that in the above 
embodiment, the A/D converter 623 as shown in 
Rg. 37 contributes to the improvement of the re- 
liability of the electro-magnetic balance-type weigh- 
ing apparatus as it converts the analog weight 
signal obtained from the LPF 611 into a corre- 
sponding digital value, which is then supplied to 
the weight calculator 624 so that the latter can 
perform arithmetic operations quickly and accu- 
rately. 

A voltage/frequency converter (hereinafter re- 
f rred to as V/F converter) may be suitably used 
for the A/D converter because it can simplify the 
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overall configuration and reduce the cost of the A/D 
conversion circuit 

Fig. 44 shows a typical configuration of an A/D 
conversion circuit using a V/F converter. 

In Fig, 44, reference numeral 731 denotes a 
V/F converter that, upon receiving an analog signal 
in the form of voltage, generates a pulse signal 
with a frequency F that corresponds to the voltage 
V. For instance, it the input voltage varies from 
zero to the other end of the scale (e.g., 10 volt), the 
frequency of the output signal may vary from zero 
to 2 MHz as a linear function of the voltage. 

Reference numeral 732 denotes a counter cir- 
cuit for counting the frequency of the pulse signal 
coming from the V/F converter 731. More specifi- 
cally, it lets the pulse signal pass through AND 
circuit 734 and get to N-bit counter 735 for a given 
period of time by using a gating signal transmitted 
from gating signal generating circuit 733 and 
causes latch circuit 736 to latch the result of the 
counting and generate an output signal represent- 
ing the digital value of the count. 

Reference numeral 737 denotes a latching 
pulse generating circuit that generates a latching 
pulse for each gating putse which is slightly de- 
layed relative to the rising edge of the gating pulse 
and 738 denotes a resetting pulse generating cir- 
cuit that generates a resetting pulse to reset the 
counter 735 for each latching pulse which is slight- 
ly delayed relative to the latching pulse but slightly 
precedes the rising edge of the next gating pulse. 

With such an arrangement, whenever the input 
analog voltage V is varied, the count value to be 
latched to the latch circuit 736 for a given period of 
time is altered accordingly. 

^ An A/D conversion circuit having a configura- 
tion as described above may be unable to respond 
to changes in analog signals quickly and'accurately 
that contain high frequency components if the 
weight signal (analog signal) of the electromagnetic 
balance- ty pe. weighing apparatus needs highly ac- 
curate measurement and analysis for its waveform 
because a relatively long gating time of 32 millisec- 
onds (64K/2MHz) may be required if a resolution of 
16 bits should be achieved. 

This problem may be resolved by reducing the 
gating time to, for instance, one-eighth of 32 mil- 
liseconds, or 4 milliseconds, to increase the rate of 
sampling and adding eight consecutive counts to 
realize a resolution of 16 bits. However, the time 
required to reset the counter 735 should be made 
negligibly short relative to the period of a pulse 
signal with the highest possible frequ ncy gen- 
erated by the V/F conv iter 731 if such an arrange- 
ment should prove practically feasible. 

Differently stated, since the number of pulses 
given to the counter during the time for resetting 
the counter is not included in each count the sum 



of the consecutive counts inevitably and signifi- 
cantly differs from the correct number of pulses 
and consequently the apparatus will become poorly 
accurate and reliable. 
5 A conceivable solution to this problem may be 
the use of a high speed device such as an emitter- 
coupled logic (hereinafter referred to as ECL), a 
logic gate that operates at very high speed. But 
such a high speed device is very costly and emits 

10 heat at a high rate, giving rise to additional prob- 
lems including the drift phenomenon that should be 
newly addressed. Therefore the use of such a 
device does not constitute a recommendable solu- 
tion to the problem. 

75 Fig. 41 shows a block diagram of an A/D 
converter proposed as a possible solution to over- 
come the above problem. 

In Fig. 41, reference numeral 740 denotes a 
V/F converter that generates a pulse signal having 

20 a frequency that varies as a linear function of the 
analog voltage applied to it. It may be typically a 
synchronous V/F converter that generates an out- 
put pulse signal in synchronism with the clock 
signal transmitted from a crystal oscillator 741 , the 

25 frequency of said output pulse signal varying be- 
tween zero to 2 MHz in response to the variance in 
the analog voltage between zero and 10 volt as in 
the case of the V/F converter 731 described earlier. 
Reference numeral 742 denotes a counter, 

30 e.g., 16-bit endless counter, for continuously count- 
ing the pulse signals transmitted from the V/F 
converter 740. 

Reference numeral 743 denotes a first latch 
circuit for latching the count output from the end- 

36 less counter 742 each time it receives a first latch- 
ing pulse, while reference numeral 744 denotes a 
second latch circuit for latching the output of the 
first latch circuit 743 each time it receives a second 
latching pulse. 

40 Reference 745 denotes a latching pulse gen- 
erating circuit for dividing the frequency of a clock 
signal coming from the crystal oscillator 741 and 
generating a first latching signal for every 1 mil- 
lisecond and reference numeral 746 denotes a first 

4$ delay circuit for generating a write pulse with a 
short delay of time d1 relative to the first latching 
pulse, while reference numeral 747 denotes a sec- 
ond delay circuit for generating a second latching 
pulse with a slight delay of time d2 relative to the 

so write pulse. 

Reference numeral 748 denotes a subtracter 
for subtracting the output of the second latch circuit 
744 from the output of the first latch circuit 743. 
The result of the subtraction is equal to the 

55 value Cn obtained by subtracting the reading An-1 
of th endless counter 742 at time Tn-1 when a 
first latching pulse is generated from th reading 
An of th counter at time Tn for generation of the 



25 



47 EPO 



next latching pulse and represents a digital value 
that corresponds to the level of voltage from Tn-1 
to In expressed in analog form. 

Since the digital value is equal to the difference 
between two pulse signals latched with an interval 
of 1 millisecond that can vary between zero and 2 
MHz. it shows a resolution of "2,000" or 11 bits at 
maximum. 

Reference numeral 749 denotes an integral cir- 
cuit that generates an output representing the ac- 
cumulated sum of the results of a given number of 
times (32) of subtractions made to consecutive 
inputs and comprises a shift register 7491 for se- 
quentially storing the results of subtraction and an 
adder 7492 for adding the data stored in the shift 
register 7491. 

Now, the operation of the A/D converter having 
a configuration as described above will be ex- 
plained by referring to the timing charts A through 
G shown in Fig. 42. 

When an analog input signal is given to the V/F 
converter 740, a pulse signal having a frequency 
that corresponds to the voltage of the input signal 
is generated and sent to the endless counter 742 
to augment the reading of the counter as shown by 
chart A in Fig. 42. 

Then, a corresponding latching pulse is gen- 
erated at time T1 for the pulse signal as illustrated 
in chart B of Fig. 42 to latch count value Al to the 
first latch circuit 743 as shown in chart C of Fig. 42 
and a write pulse (chart D in Fig. 42) which is 
generated with a slight delay relative to the latching 
pulse triggers an operation of subtracting the im- 
mediately preceding count value (AO) stored in the 
second latch circuit 744 from the count value Al to 
give out the difference C1, which is then stored in 
the shift register 7491 (chart E of Fig. 42). 

As a second latching pulse generated with a 
short delay relative to the write pulse is entered to 
the second latch circuit 744 as shown by chart F in 
Fig. 42, count Al that has been latched to the first 
latch circuit 743 is then latched to the second latch 
circuit 744 as shown by chart G in Fig. 42. 

Thereafter, the difference of two consecutive 
readings is stored in the shift register 7491 for 
every one millisecond in the same manner. 

The output of the adder 7492 when the results 
of 32 subtractions C2 through C33 are stored in the 
shift register 7491 is a digital value that corre- 
sponds to the level of the voltage expressed in 
analog form for a period of 32 milliseconds from T1 
to T33 and, since the endless counter 742 continu- 
ously keeps on counting, no errors are accumu- 
lated during th period, making the output of the 
adder to show a resolution, or an accuracy, of 16 
bits. 

When the result of the next subtraction C34 is 
stored in the shift register 7491, the output of th 
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adder 7492 will be a digital value that corresponds 
to the level of the voltage in analog form between 
T2 and T34. In the same way, a digital value with 
an accuracy of 16 bits will be obtained for the 
5 corresponding analog voltage for every 1 millisec- 
ond. 

There may be a case where the reading of the 
endless counter 742 exceeds its limit and shows a 
value An smaller than the value An-1 of the reading 
10 immediately before it However, since the adder 
748 is so designed that the sub traction is operated 
by assuming that the seventeenth bit of the latched 
output value An of the first latch circuit 743 is 
always M" and therefore the operation of subtrac- 
ts tion is always conducted without mistake. 

While the A/D converter in Fig. 5 produces a 
digital value with a resolution of 16 bits by accu- 
mulating the (32) results of consecutive subtrac- 
tions stored in the shift register 7491, it may be so 
20 designed that all results of subtractions are stored 
in the shift register 7491 and the stored data may 
be selectively retrieved from it with a required level 
of resolution each time when a waveform analysis 
is conducted. 

25 Likewise, while the A/D converter in Fig. 41 
adds the results of subtractions with a level of 
resolution of 11 bits without further processing 
them, it may be so configured as to obtain a 
resolution of 16 bits as illustrated in Fig. 43, where 

30 each result of subtraction is multiplied by 2 s (or 
five "0"s are added to the end of the result as 
lower five digits) in shift register 7491a and M (an 
arbitrary number) consecutive results of subtrac- 
tions expressed by using 16 bits are added in 

35 adder 492a, the sum being averaged by a l/M 
divider 493. 

Further more, white the A/D converter in Fig. 
41 comprises a 16-bit endless counter 742, the 
counter may be replaced by any counter that can 

40 count numbers within a limit defined by the number 
obtained by dividing the output frequency corre- 
sponding to the upper end of the scale of the V/F 
converter by the latching frequency. Moreover, it 
may be also apparent that the A/D converter in Fig. 

45 41 may be replaced with a comparable 12-bit or 
higher-bit counter. 

Since an A/D converter as described above is 
so designed that outputs of the V/F converter are 
continuously recorded for a given period of time to 

so determine the difference between the counts at the 
beginning and at the end of the period for digitiza- 
tion, the digitization may be performed to obtain a 
desired level of accuracy with a relatively narrow 
pitch of sampling of incoming analog signals and 

55 therefore without requiring a high speed counter to 
afford a high accuracy of measurement and a high 
speed waveform analysis. 

Fig. 45 shows a block diagram of an alternative 
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A/D converter proposed to eliminate the problem of 
the A/D converter of Fig. 8. 

In Fig. 45. reference numeral 750 denotes a 
V7F converter for producing a pulse signal with a 
frequency corresponding to the analog voltage ap- 
plied thereto. It may typically be a synchronous 
V/F converter that produces an output pulse signal 
in synchronism with the clock signal transmitted 
from a crystal oscillator 751. The frequency of the 
pulse signal transmitted from the V/F converter 
may vary between zero and 2MHz in response to 
the analog voltage applied thereto that can vary 
from zero to 10 volt as in the case of the V/F 
converter 731 of Fig. 44. 

Reference numeral 752 denotes an input chan- 
geover switch that forwards the pulse signal from 
the V/F converter 750 either to a first counter 753 
or to a second counter 754 depending on the level 
of the changeover signal it receives. The first and 
second counters 753, 754 are 12-bit binary coun- 
ters. 

Reference numeral 755 denotes a changeover 
signal generating circuit for generating input chan- 
geover signals having a level reversed at a fre- 
quency, e.g., once for every millisecond, obtained 
by dividing the frequency of the clock signal from 
the crystal oscillator 751 and 757 denotes a write 
pulse generating circuit for generating a write pulse 
each time it receives an output changeover signal 
with a slight delay of time d1 relative to the rising 
or falling edge of the output changeover signal 
which is obtained by reversing the corresponding 
input changeover signal by means of an inverter 
756. 

Reference numeral 758 denotes an output 
changeover switch for selectively transmitting the 
output of either the first counter 753 or the second 
counter 754 depending on the level of the output 
changeover signal. The output changeover switch 
758 operates reversely relative to the input chan- 
geover switch 752 and, therefore, selects the out- 
put of the second counter 754 when the first coun- 
ter 753 is operating and that of the first counter 753 
when the second counter 754 is operating. 

Reference numeral 759 denotes a resetting cir- 
cuit for slightly delaying write pulses by time d2 
and resetting whichever the counter that has com- 
pleted its operation. 

Reference numeral 760 is an accumulator cir- 
cuit for producing the total of given number of (32) 
consecutive inputs, said accumulator circuit com- 
prising a shift register 761 for sequentially storing 
the counts transmitted from the output changeover 
switch in synchronism with the corresponding write 
pulses an adder 762 for adding the data stored in 
the shift register. 

It should be noted that the maximum digital 
value that can be stored in the shift register 761 is 



R 2.000 w which is obtained by counting the number 
of pulses for 1 millisecond of a 2MHz pulse signal 
that represents the maximum frequency for the 
apparatus, tf differently stated, the apparatus has a 

5 resolution of 1 1 bits. 

Now the operation of an A/D converter having a 
configuration as described above will be described 
by referring to the timing charts in Fig. 46. 

When an input analog signal is applied to the 

70 V/F converter 750, it transmits a pulse signal hav- 
ing a frequency corresponding to the voltage of th 
input signal to the input changeover switch 752. 

Then, the level of the input changeover signal 
rises to level "H" at time T1 as indicated in chart A 

15 of Fig. 46 and. after the input changeover switch 

752 is turned to the side of the first counter 753, 
the number it counts is incremented from zero as 
indicated by chart B in Fig. 46. 

When the level of the input changeover signal 

20 falls to level "L\ the input changeover switch 752 
is turned to the side of the second counter 754 so 
that it starts counting from zero as illustrated in 
chart C of Fig. 46. At this stage, the count C1 of 
the first counter 753 for the period of time from T1 

25 to T2 is retained at the output of the counter. 

The output changeover signal goes to level 
"H n while the second counter 754 is operating as 
shown in chart D of Fig. 46, and, as the count C1 
of the first counter 753 has already been sent to 

30 the shift register 761, the count C1 is now stored in 
the shift register 761 by a write pulse which is 
delayed by d1 relative to T2 as illustrated in chart 
E of Fig. 46. 

When d2 has passed since the issuance of the 

as write pulse, a reset pulse is sent to the first counter 

753 as illustrated in chart F of Fig. 46 to reset the 
first counter to zero as shown in chart B of Fig. 46. 

The input changeover signal falls again to level 
n L n at time T3 that comes 1 millisecond later than 

40 time T2 to activate the first counter 753 for count- 
ing and, when d1 has elapsed since T3, the count 
C2 of the second counter 754 is stored in the shift 
register 761 and then the second counter 754 is 
reset to zero with a further delay of d2 and become 

45 ready for the next counting operation. 

In a similar manner the next counted value is 
stored in the shift register 761 when 1 millisecond 
has elapsed since the previous count 

When 32 counts, or counts C1 through C33, 

so have been stored in the shift register 761, the 
output of the adder 762 will be a digital value 
corresponding to the level of the voltage of the 
analog signal for the 32 milliseconds from T1 to 
T33. 

55 It should be noted that since the output of the 
V/F converter 50 and the input changeover signal is 
synchronized and therefore the time required for 
switching operation is minimal, the counting oper- 
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ations for the period are conducted continuously 
and no count will be missed during that period. 
Consequently, the sum of addition of the counts 
shows a resolution of 16 bits. 

When the result of the next subtraction C33 is 
stored in the shift register 761, the output of the 
adder 762 shows a digital value that corresponds to 
the level of the analog voltage for the 32 millisec- 
onds from T2 to T3. Thus, a digital value with a 
resolution of 16 bits is produced for every 1 mil- 
lisecond corresponding to the analog signal applied 
during the period. 

While a digital value having a resolution of 16 
bits is obtained by adding a given number (32) of 
consecutive counts stored in the shift register 761 
of the A/D converter of Fig. 45. the resolution may 
be so modified as to meet a required level by 
storing all the counts for a given period of time if 
operation such as waveform analysis is involved. 

While a number of counts with a resolution of 
11 bits are added in the A/D converter in Ftg. 45, 
each of the counts may be alternatively multiplied 
by 2 s in the shift register 61a of Fig. 43 (or five "0" 
may be added to the count as lower five digits) and 
M (an arbitrary number) consecutive counts in 16- 
bit numbers may be added in the adder 762a as 
results of counting to obtain a same digital value 
with a resolution of 16 bits by dividing the sum of 
the addition by M in the divider 763. 

Similarly, while two counters are alternatively 
used in the A/D converter of Fig. 45, three or more 
than three counters may be sequentially used for 
counting the outputs of the V/F converter. 

Since a A/D converter having a configuration as 
described above uses a plurality of counters which 
are sequentially operated for a given period of time 
for counting the outputs of the corresponding V/F 
converter so that the result of a counting operation 
can be produced as a digital value while one of the 
remaining counters is operating, the operation of 
A/D conversion can be carried out with a desired 
level of resolution and a short period of sampling 
without requiring high speed counters. This feature 
provides an electromagnetic balance-type weighing 
apparatus with the advantage of high accuracy 
measurement and high speed waveform analysis 
as described earlier. 

Figs. 47 through 57 show the mechanical sys- 
tem of the invention having a second preferred 
configuration as well as the anti-vibration and 
water-proof contrivances designed to enhance the 
accuracy of measurement of the apparatus. 

In these illustrations, reference numeral 910 
denotes a bottom plate removably combined with a 
cov r 970 to form a housing of the apparatus and 
provided with three legs 911 projecting downward 
from the front and the rear comers and the middle 
point of the right edge of the lower surface of the 



bottom plate (as viewed from th front in Fig. 47) to 
securely and stably support th apparatus when 
placed on a flat floor. The bottom plate 910 has a 
cavity 912 on its upper surface surrounded by a 

5 rim 910a. 

The bottom plate 910 is provided with a pair of 
ventilation pores 913 arranged at the middle along 
its left and right edges (as viewed from the front in 
Fig. 47) so that the atmosphere and the cavity 912 

10 may communicate with each other. 

More specifically, two pairs of countersinks 
913b are formed under the cavity 912 of the bot- 
tom plate 910, each pair being vertically aligned 
and the upper one of each pair having an annular 

75 step 913a, and a ventilation pore 913 is bored 
through the center of each pair of the countersinks 
913b as illustrated in full detail in Fig. 51. A cylin- 
drical hood 913c is arranged coaxiaily with each of 
the ventilation pores 913 and projecting downward 

zo from the corresponding lower countersink 913b. 
The hoods 913a are so designed as to guard the 
ventilation pores 913 against any liquid that may be 
bounced to splash the pores from the floor under 
the apparatus. 

25 A piece of water repellent film 913d that 
passes air but does not pass liquid is bonded to 
each of the annular steps 913a of the upper coun- 
tersinks 913b along its periphery in order to pre- 
vent any liquid from entering the inside of the 

30 casing but secure ventilation for the inside of the 



The cavity 912 of the bottom plate 910 is also 
provided with a pair of power cable holes 914 
arranged at the middle along the two lateral edges 
35 (Fig 52 and a telecommunication cable hole (not 
shown). 

As shown in Fig. 52, each of the cable holes 
914 are provided with an annular projection 914a 
along its side wall, to which an elastic member 

40 914b made of a material such as rubber is en- 
gagedly fitted. Each of the elastic members 914b 
has an axial through bore 91 4b\ through which a 
corresponding cable 900 is arranged, any liquid 
external to the apparatus being prevented from 

45 entering it through the cable holes because of an 
elastic cylinder 914b" of each of the elastic mem- 
bers 914b firmly pressing the cable 900 running 
therethrough and airtightfy sealing the correspond- 
ing cable hole 914. 

so The bottom plate 910 is also provided with a 
left and a right rectangular support blocks 916, 917 
(as viewed from the front in Fig. 47) arranged in 
parallel and standing upward from the cavity 912 
for supporting a permanent magnet 922, which will 

55 be described later (Fig. 50). 

A pair of support pillars 918. 919 are projecting 
upward from the front and rear left comers of th 
bottom plate 910. 
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A yoke 920 is placed on the upper surfaces of 
the support blocks 916, 917 and rigidly fitted there- 
to by m ans of screws 921 arranged at its four 
comers as illustrated in Fig. 49. The permanent 
magnet 922 having a cylindrical shape is rigidly 
fitted onto the center of the yoke 920 and another 
yoke 923 is rigidly fitted to the upper surface of the 
permanent magnet 922 as shown in Fig. 47. The 
yoke 923 has a circular slit 924 arranged thereto. 

As shown in Fig. 50, a horizontal plate 930 is 
fitted to the rim 910a of the bottom plate 910 at its 
left comers (as viewed from the front in Fig. 47) by 
way of rocking plates 932. 933 which are found 
between the support pillars 918. 919. As shown in 
Rgs. 47, 49 and 50, the horizontal plate 930 is 
located between the support blocks 916, 917 and 
below the yoke 920. 

As shown in Rgs. 47 and 50, a second hori- 
zontal plate 931 is fitted to the tops 918a, 919a of 
the respective support pillars 918, 919 at its left 
comers by way of rocking plates 934, 935. The 
horizontal plates 930 and 931 have a same width. 

As illustrated in Rg. 50, the load carrying sec- 
tion 940 of the weighing apparatus comprises a 
horizontal member 941 having a center opening 
941a, a vertical member 942 also having a center 
opening 942a* (Rg. 48) and triangular lateral mem- 
bers 943, 944 connecting the horizontal and verti- 
cal members 941 and 942. 

The horizontal plates 930 and 931 are respec- 
tively fitted to the bottom and top surfaces 942a 
and 942b of the vertical member 942 of the load 
bearing section 940 at their right comers by way of 
respective rocking plate pairs 936. 937 and 938, 
939 (Rgs. 48 and 50). 

The rocking plates 932 through 939 are uni- 
formly shaped, each being flexible at a thin middle 
area. Four of the rocking plates 932 through 939 
constitute a front group, while the remaining four 
constitute a rear group. Each of the front and rear 
groups are so arranged that, when viewed from the 
front (Rg. 47), they form a rectangle, which is 
deformed to become a non rectangular parallel- 
ogram whenever a load is applied to the load 
carrying section 940 so that the upper surface of 
the load carrying section 940 is lowered. 

Balance beam 950 is pivotally fitted to a right 
top comer of the yoke 923 (as viewed from the 
front in Rg. 47). 

As shown in Rg. 49, the balance beam 950 is 
realized substantially in the form . a flat plate 
provided with a pair of flanges 951 , 952 arranged 
at the right side comers and projecting outward 
and downward. 

As also shown in Rg. 49, the flanges 951. 952 
are connected at their respective left lateral sides 
951a, 952a to the right lateral side 923a (as viewed 
from the fr nt in Rg. 47) of said yoke 923 by way 



of a pair of rocking plates 953, 954 and at their 
respective bottoms 951b, 952b to the top 923b of 
the yoke 923 along its right edge by way of an- 
other pair of rocking plates 955, 956 (Rg. 48). The 

5 rocking plates 953 through 956 are uniformly 
shaped, each being flexible at a thin middle area 
Moreover, the vertically arranged rocking plates 
953, 954 are intersected at a single and identical 
point in the thin middle areas by the horizontal 

10 rocking plates 955, 956 so that the balance beam 
950 may pivotally supported relative to the yoke 
923 at a fulcrums which is the point of intersection 
0 of the vertical rocking plates 953, 954 and the 
horizontal rocking plates 955, 956 (Rg. 47). 

75 The lateral side of the notch 957 arranged at 
the right edge of the balance beam 950 (Rg. 49) 
and the front lateral side of projection 945 projec- 
ting leftward from the center of the bottom of the 
vertical member 942 of the load carrying section 

20 940 (Rg. 50) are connected by a connector plate 
958. The connector plate 958 is realized in a form 
having upper and lower flexible narrow and thin 
areas as illustrated in Rgs. 47 and 48. 

Thus, as the load on the load carrying section 

25 940 is actually applied to the right of said fulcrum 0 
due to the existence of the connector plate 958. the 
balance beam 950 tends to rotate clockwise around 
the fulcrum 0 as seen from Rg. 47. 

A bobbin 961 having an open bottom is pro- 

30 vided under the balance beam 950 to the left of 
said fulcrum 0 with a flat balancing weight 960 
arranged therebetween as shown in Rgs. 47 and 
48. 

More specifically, the fitting axle 961a of the 

35 bobbin 961 standing upright from the center of the 
bobbin main body runs through the through bore 
960a of the weight 960 as well as the through bore 
950a of the balance beam 950 and is rigidly fitted 
to the balance beam 950 by means of a nut 962 

40 arranged in the recess 950b of the balance beam 
950 so that bobbin 961 and the weight 960 are 
securely connected to the bottom of the balance 
beam 950. The cylindrical portion, or peripheral 
wall, 961b of the bobbin 961 is located in the 

45 annular slit 924 of the yoke 923. A wire is wound 
around the outer periphery of the cylindrical portion 
961b to form a coil 963 that constitutes a magnetic 
circuit crossing the permanent magnet 922 and the 
slit 924 of the yoke 923 so that, when it is en- 

so ergized by electricity, it tends to rotate the balance 
beam 950 counterclockwise around the fulcrum 0 
with its electromagnetic force. 

Th balance beam 950 is provided with a 
threaded bore 950c at its left end so that a weight 

55 964 for finely controlling the balance of the beam 
(as shown by a broken line in Rgs. 47 and 48) may 
b fitted there by means of a screw if necessary. 
The weight 964 is replaceable for fine control or, 
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alternatively, the apparatus may be so arranged 
that the balance beam is finely controlled by ad- 
justing the position of the weight 964 by means of 
a screw. 

As illustrated in Figs. 47 and 49, a L-shaped 
plate 965 is fitted to the left edge of the balance 
beam 950. The lower end 965a of the L-shaped 
beam 965 is detected for its position by a position 
detector 966 comprising a light emitter and light 
sensors and rigidly fitted to the left edge of the 
yoke 923. 

As Fig. 49 shows, the balance beam 950 is 
provided at its left edge with a fin 967 horizontally 
projecting from the edge. A stopper 968 is rigidly 
fitted to the upper surface of the yoke 923 to define 
the upper and lower limits of vertical movement of 
the fin 967. 

As Figs. 47 and 48 show, a cover 970 is placed 
on the top of the rim 910a of the bottom plate 910, 
the casing of the weighing apparatus being con- 
stituted by the bottom plate 910 and the cover 970. 

The cover 970 and the bottom plate 910 are 
securely connected with each other by means of 
screws 971 arranged at the flat sections of the four 
comers of the cover 970 which are located on the 
respective four comers of the rim 910a of the 
bottom plate 910 as illustrated in Fig. 53. 

In Fig. 47, reference numeral 972 denotes a 
ring-shaped packing and 970b denotes a closed 
groove arranged along the bottom of the cover 972, 
into which the ring-shaped packing 973 Is press fit 
The ring-shaped packing 973 has a substantially 
rectangular cross section having upper and lower 
projections 973a as illustrated in Fig. 54, which are 
forced to become flat when the ring-shaped pack- 
ing 973 is press fit into the groove so that it can 
effectively prevent liquid from entering the inside of 
the apparatus. 

A window 974 is provided at the left side wall 
(as viewed from the front in Fig. 47) of the cover 
970 to allow access to the fine control weight 964 
for adjustment and/or replacement. A shutter 975 
for the window is removably fitted to the side wall 
by means of screws 976 with a packing (not 
shown) arranged between the shutter 975 and the 
side wall for protection against water. Similarly, 
another window 977 is provided at the right side 
wall (as viewed from the front in Fig. 47) to allow 
access to the electronic circuit (not shown) ar- 
ranged in the inside of the apparatus. Also, a 
shutter 978 for the window 977 is removably fitted 
to the side wall by means of screws 979 with a 
packing (not shown) arranged between the shutter 
978 and the side wall for protection against water. 

As illustrated in Fig. 50, four support pillars 980 
through 983 are rigidly fitted to and standing from 
the horizontal member 941 of the load carrying 
section 940. 



It is seen in Fig. 55 that the support pillars 980 
through 983 are standing upright through holes 
970c of the top wall of the cover 970. A vertically 
extendibl bellows 984 is arranged between the 

5 peripheral edge of each of the holes 970c and the 
corresponding one of the support pillars 980 
through 983 so that the support pillars 980 through 
983 are vertically slidable without hindrance but the 
watertight condition of the casing is preserved. 

70 More specifically described by referring to Fig. 
55, each of the holes 970c of the cover 970 has a 
flange 970d standing upward, to whose outer upper 
periphery an O-ring is engagedly fitted, and the 
lower end 984a of the corresponding bellows 984 

15 adheres to the flange 970d of the cover 970 due to 
its centripetal resilient force, while the upper end 
984b of the bellows 984 is pressed downward by a 
washer 989, which will be described later, so that 
the watertight condition of the casing is perfectly 

20 secured. 

The two paired support pillars 980, 981 and 
982, 983 are provided with respective common 
beams 985 and 986, which are longitudinally ar- 
ranged and securely held to the respective proper 

25 positions by means of anchor bolts 987 and wash- 
ers 989, the latter being arranged between the 
respective bolts 987 and the beams 985, 986 (Figs. 
47, 48 and 52). ^ — 
A conveyor assembly 990 that operates as a 

30 weighing pan Is securely held by the opposite ends 
of the beams 985, 986, as the front and rear panels 
991a of the frame 991 of the conveyor assembly 
990 are rigidly fitted to the beams 985, 986 by 
means of screws 992. Rollers 993 and 994 are 

35 rotatably supported by the front and rear panels 
991a and a conveyor belt 995 is arranged between 
the rollers 993 and 994. The conveyor belt 995 is 
so arranged that it is kept in contact with the top 
panel 991b of the frame 991 at the upper end of it 

40 so that the conveyor belt 995 may not sink under 
the load of the object of weighing W applied to it 
(Figs 47 and 48). — ^ 
The roller 993 is driven to rotate by a motor 
996 securely fitted to the frame 991. In Fig. 47, 

45 993a denotes a pulley securely fitted to the roller 
993 and 997 denotes a belt connecting the pulley 
993a and a pulley (not shown) arranged on the 
motor 996. 

As illustrated in Fig. 55, the support pillar 980 
so is realized as a hollow pipe, through which a power 
cable 900 (Fig. 47) runs to be led outside by way 
of a through bore 980a of the top of the support 
pillar 980 to reach the motor 996. 

Th watertight condition of the casing is se- 
55 cured and any possibility of liquid entering there by 
way of the through bore 980a for the support pillar 
980 can be eliminated by arranging either an elas- 
tic tube around the cable 900 and the support pillar 
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980 as illustrated in Fig. 58 or an O-ring 202 press 
fit into th space between the cable 200 and the 
anch rbott 187. 

With an arrangement as described above, at 
the right of the fulcrum 0, the balance beam 950 is 
subjected to a rotary force trying to drive it clock- 
wise by the load applied to the connector plate 958 
by the entire conveyor assembly 990, the motor 
996 and the load carrying section 940, whereas, at 
the left of the fulcrum 0, it is subjected to another 
rotary force trying to drive It counter-clockwise by 
the load applied by the balancing weight 960 and 
the weight for fine control 964 and the sucking 
force of the energized coil 963 as it may be seen 
from Fig. 47. 

The vertical position of the lower end 965a of 
the L-shaped plate 965 rigidly fitted to the left edge 
of the balance beam 950 is detected by the posi- 
tion detector 966 and utilized to regulate the suck- 
ing force of the coil 963 by adjusting the rate of the 
electric current supplied to the coil so that con- 
sequently the lower end 965a of the L-shaped 965 
is returned to its normal position. 

Therefore, the rate of the electric current sup- 
plied to the coil 963 should be so adjusted that the 
lower end 965a of the L-shaped plate 965 is found 
exactly at its normal position when the conveyor 
belt 995 does not carry any objects of weighing. 

It may be understood that, because of the 
weight 960 (and the weight for fine control 964 if 
necessary) are fitted to the balance beam 950, the 
rate of the electric current supplied to the coil 963 
when the conveyor belt 995 does not carry any 
objects can be minimized. 

When an object of weighing is placed on the 
conveyor bett 990 by a feeder (not shown), the 
balance beam 950 tends to receive a clockwise 
rotary force by the weight of the object of weighing 
and the L-shaped plate 965 at the left edge of the 
balance beam 950 shows an upward movement 
deviating itself from the normal position, a move- 
ment which is suppressed by the increased suck- 
ing force of the coil 963 generated by a cor- 
responding increase in the rate of the electric cur- 
rent supplied to the coil 963 to hold the front end 
965a of the L-shaped plate 965 to the normal 
position. The weight of the object of weighing is 
then determined by the rate or the increase in the 
rate of electric current. 

As described earlier, the space between the 
pillars 980 through 983 supporting the weighing 
pan and the cover 970 is sealed by the bellows 
984 and the space surrounding the cable 200 in 
the through bore 980a of the pillar 980 is also 
sealed by an appropriate measure as illustrated in 
Rg. 56 or Fig. 57. Moreover, the cable hole 914 of 
the bottom plate 910 is protected against liquid as 
illustrated in Rg. 52. Therefore, the weighing ap- 
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paratus within the casing is completely free from 
the risk of being wet if the conveyor belt 990 is 
washed with water for cleaning. 

Besides, since the ventilation pores 913 

5 through the bottom plate 910 are covered by hoods 
913c and provided with pieces of water repellent 
film 913d, the apparatus is protected against any 
liquid that may be bounced to splash the bores 
from the floor under the apparatus. 

io It may be needless to say that, while the me- 
chanical system as described above is particularly 
good for a weighing apparatus that requires water- 
proof features, it may also be applied to a weighing 
apparatus that does not require to be protected 

75 against water. 

It may be clear that, since the mechanical 
system as described above comprises a balancing 
weight 960 arranged between the balance beam 
950 and the bobbin 961 of the electromagnetic coil, 

20 the apparatus is free from any significant imbal- 
ance that may be caused within the weighing ap- 
paratus by the dead weight of the weighing pan so 
that the rate of the electric current supplied to the 
electromagnetic coil and hence the heat to be 

25 inevitably generated by the electric current can be 
minimized. Non-existence of significant imbalance 
within the weighing apparatus means that the bal- 
ance beam 950 is scarcely affected by external 
vibrations such as those of the floor supporting the 

30 apparatus and therefore fast and accurate weighing 
operations are guaranteed. 

Moreover, the mechanical system as described 
above is completely protected against any intrusion 
of liquid because all the space between the casing 

35 and the support pillars projecting outward through 
the holes is completely sealed by means of elastic 
members. Besides, since the inside and the out- 
side of the casing are in communication with each 
other by way of ventilation pores and therefore the 

40 elastic members are not undesirably expanded nor 
contracted by temperature changes within the cas- 
ing, readings of the weighing apparatus are not 
affected by temperature changes. 

It may be needless to say that the balance 

45 beam 150 may be so adjusted that it is balanced 
under either loaded or unloaded condition either by 
altering the shape, weight or fitting position of 
either the balancing weight 960 or the weight for 
fine control 964 or, alternatively, by means of the 

so balance beam 950 itself or an accessory. 

As described above in detail, the present in- 
vention provides a fast-responsive, highly accurate 
and therefore highly reliable electromagnetic 
balance-type weighing apparatus. 

55 As has been described in detail, an inverter 
controlled conveying/measuring apparatus accord- 
ing to the invention can meet the requirements of 
reduced dimensions, durability, high torque and 
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enhanced stability because of its control system 
using inverters for controlling AC power sources. 
Such an apparatus can be effectively used to es- 
tablish a highly efficient, accurate and reliabl sys- 
tem for conveying objects. 

[Industrial Applicability] 

An inverter controlled conveying/measuring ap- 
paratus according to the present invention may 
have a variety of applications in various industrial 
fields to establish a fully automated weighing sys- 
tem such as a high-speed automatic weighing and 
sorting system for works to be installed in a manu- 
facturing line. 

Claims 

1. An inverter controlled conveying/measuring ap- 
paratus comprising: 

conveyor means for conveying an object 
to be measured; 

an AC motor for driving said conveyor 
means; 

an inverter for controlling the speed of said 
conveyor means to thereby provide a frequen- 
cy conversion signal to said AC motor in re- 
sponse to a specified frequency; and 

measuring means provided in a conveying 
path of said conveyor means so as to measure 
a certain attribute of the object 

2. An inverter controlled conveying/measuring ap- 
paratus according to claim 1. wherein said 
measuring means comprise a weighing instru- 
ment for weighing the object 

a An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein it further 
comprises means for sorting the object accord- 
ing to the result of weighing the object 



7. An inverter controlled conveying/measuring ap- 



paratus according to claim 4, wherein said 
conveyor means comprise a feeding conveyor 
and a sorting conveyor. 

5 8. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
conveyor means comprise a looped endless 
conveyor belt 

to 9. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
conveyor means comprise at least two convey- 
ors each respectively driven by means of the 
AC motor and said inverter comprise means 

75 for modifying the speeds of the conveyors by 
said means of the AC motors when the object 
is transferred from one conveyor to the other. 

10. An inverter controlled conveying/measuring ap- 
20 paratus according to claim 1, wherein said 

inverter comprises: 

a frequency specifier for generating a 
pulse signal having a specified frequency: 

a frequency measuring circuit for measur- 
es ing the frequency of said pulse signal; and 

an AC converting circuit for converting an 
AC commercial power source into an AC pow- 
er source having a frequency corresponding to 
a measured frequency by said frequency mea- 
30 suring circuit. 

11. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
inverter comprises: 

35 a current detector for detecting the rate of 

an AC current running through a coil of said 
AC motor; and 

means for limiting the rate of the AC cur- 
rent applied to the coil of said AC motor de- 
40 pending on a detected rate of the AC current 

by said current detector. 

1Z An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
inverter comprises: 

a rectifier circuit for rectifying an AC volt- 
age into a DC voltage; 

a pulse modulated signal generating circuit 
for generating alternately first and second 
pulse modulated signals for a given period of 
time to modify AC currents respectively run- 
ning through the first and second coils of the 
AC motor so as to trace sinusoidal waves with 
phases differentiated by 90* from each other 
according to first and second pulse width data 
and generating alternately third and fourth 
pulse modulated signals for the same period of 
time with timings respectively shifted by a half 



4. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
measuring means comprise a metal detector 45 
for sensing metal in the object 

5. An inverter controlled conveying/measuring ap- 
paratus according to claim 2, wherein said 
conveyor means comprise a feeding conveyor so 
and a weighing conveyor. 

6. An inverter controlled conveying/measuring ap- 
paratus according to claim 3, wherein said 
conveyor means comprise a feeding conveyor, 55 
a weighing conveyor and a sorting conveyor. 



32 



61 



EP 0 458 974 A1 



62 



of said period relative to those of generation of 
the first and second pulse modulated signals, 

a first drive circuit for supplying said first 
coil with an AC current having a given fre- 
quency obtained by switching the DC voltage 
for the first coil in accordance with said first 
and second pulse modulated signals, 

a second drive circuit for supplying said 
second coil with an AC current having a same 
frequency as that of said AC current for the 
first coil but a phase differentiated by 90* from 
that of said AC current obtained by switching 
the DC voltage for the first coil in accordance 
with said third and fourth modulated signals. 

13. An inverter controlled conveying/measuring ap- 
paratus according to claim 12, wherein each of 
said first and second drive circuits further com- 
prises means for forming a loop circuit for 
absorbing the counter-electromotive force gen- 
erated in the corresponding coil during an idle 
period. 

14. An inverter controlled conveying/measuring ap- 
paratus according to claim 12, wherein said 
rectifier circuit further comprises means for 
supplying two DC voltages having positive and 
negative potentials. 

15. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
inverter further comprises means for driving 
said first and second coils by a constant cur- 
rent. 

16. An inverter controlled conveying/measuring ap- 
paratus according to claim 1, wherein said 
inverter further comprises at least one of 
means for issuing an thermal alarm signal 
whenever the level of the AC current running 
through the first or second coil exceeds a 
limited value for a given period of time and 
means for issuing an overcurrent alarm signal 
whenever the level of said AC current exceeds 
a rated value. 

17. An inverter controlled conveying/measuring ap- 
paratus comprising: 

a feeding conveyor for serially sending in 
an object by means of the rotary force of an 
AC motor; 

a weighing conveyor for moving the object 
by means of the rotary force of another AC 
motor and weighing the object during the 
movement ther of; and 

a sorting circuit for issuing a sorting signal 
according t the weight of the object; and 

a frequency converter for rectifying an AC 



power source having a predetermined frequen- 
cy into a DC power source and supplying an 
AC power source having a desired frequency 
to the AC motors to thereby switching the DC 

5 power source; 

wherein a plurality of AC motors inciuding 
the AC motors for driving said feeding con- 
veyor and said weighing conveyor are driven 
by AC currents having an identical frequency 

to each other, to thereby utilize one or more than 
that of said frequency converter. 

1a An inverter controlled conveying/measuring ap- 
paratus comprising; 
is a plurality of conveyors driven by AC mo- 

tors for conveying an object; 

means for measuring an attribute of said 
objects being conveyed; 

a plurality of inverters for respectively driv- 
20 ing said AC motors with AC currents having 
frequencies according to applied signals; 

means for issuing speed specifying signals 
having the same rate of speed for said plurality 
of inverters; and 
25 means for modifying at least one of the 

speed specifying signals issued for said plural- 
ity of inverters so as to cause the speeds of 
said plurality of conveyors specified by the 
speed specifying signals to practically coincide 
30 one another. 

19. An inverter controlled conveying/measuring ap- 
paratus according to claim 18, wherein said 
means for issuing speed specifying signals 

35 further comprises means for issuing data for 
specifying the speed of the AC motors so as to 
drive said AC motors as a linear function of the 
frequency of an input pulse and stop them 
when the frequency exceeds a given limit. 

40 

20. An inverter controlled conveying/measuring ap- 
paratus according to claim 18, wherein said 
means for issuing speed specifying signals 
further comprises means for periodically is- 

45 suing given multiplier data so as to drive said 
AC motors according to given input code data: 
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